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INTERNATIONAL  ADVISORY  COMMITTEE 


11.  Bemas,  Orsay,  France 
W.A.  Grant,  Salford,  U.K. (deceased) 
H.  Herman,  Stony  Brook,  U.S.A. 

G. K.  Hubler,  N.R.L.,  U.S.A. 

S.T.  Picraux,  Sandia,  U.S.A. 

H.  Ryssel,  Erlangen,  Germany 
J.M.  Williams,  Oak  Ridge,  U.S.A. 


G.  Deamaley,  Harwell,  U.K. 

L.  Guzman,  Trento,  Italy  (Chairman  smmib'88) 
J.K.  Hirvonen,  Spire,  U.S.A. 

M.  Iwaki,  RIKEN,  Japan 
R.P.M.  Procter,  UMIST,  U.K. 

J.L.  Whitton,  Kingston,  Canada 
G.K.  Wolf,  Heidelberg,  Germany 


PROGRAM  COMMITTEE 

G.  Deamaley  L.  Guzman  J.K.  Hirvonen 

R.P.M.  Procter  J.  L. Whitton  G.K.  Wolf 


LOCAL  ORGANIZING  COMMITTEE 
Conference  Chairman:  L.  Guzman,  I.R.S.T. 

Members: 

P.L.  Bonora,  University  of  Trento 
G.  Dellamea,  University  of  Trento 
M.  Elena,  I.R.S.T. 

S.  Iannotta,  CNR,  Trento 
C.  Marchetti,  CNR,  Trento 

Conference  secretariat:  C.  Costa,  I.R.S.T. 


HONOUR  COMMITTEE 

F.  Ferrari  Univ.  of  Trento  P.G.  Orsini  Univ.  of  Trento 

B.  Kessler  ITC  L.Stringa  IRST 


P.  Mazzoldi,  University  of  Padua 
I.  Scotoni,  University  of  Trento 
G.  Soncini,  I.R.S.T. 

C.  Tosello,  University  of  Trento 
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EDITORIAL  CHAIRMEN 

L.  Guzman,  I.R.S.T.,  Italy 
R.P.M.  Procter,  U.M.I.S.T.,  U.K. 

G.K.  Wolf,  University  of  Heidelberg,  FRG 


SUPPORTING  ORGANIZATIONS 

The  conference  is  supported  by  the  Institute  for  Scientific  and 
Technological  Research  (IRST,  a  branch  of  ITC  -Istituto  Trentino  di  Cultura- 
Trento,  Italy),  the  Physics  Department  and  the  Engineering  Department  of 
Trento  University,  Italy,  and  the  Italian  National  Research  Council  (CNR).  The 
Commission  of  the  European  Communities  (Directorate  General  for  Science, 
Research  and  Development),  the  University  of  Kingston  in  Canada  (which  was 
host  to  the  previous  SM2IB  Conference),  the  Metallurgical  Society  of  AIME, 
USA,  and  the  U.S.  Army  Research,  Development  and  Standardization  Group 
UK,  have  also  generously  supported  the  Conference. 


SPONSORS 

The  following  firms  have  financially  supported  the  Conference. 


Acciaierie  di  Bolzano  (Italy) 
Cameca  (France) 

Circuiti  Stampati  CST,  (Italy) 
Elettrochimica  M.  Ginatta  (Italy) 
GKN  Bound  Brook  Italia  (Italy) 
Italstructures  (Italy) 

Tecvac  (UK) 


Banca  di  Trento  e  Bolzano  (Italy) 
Cenfor  (Italy) 

Danfysik  (Denmark) 

Emtech  (Switzerland) 

IBM  Italia  (Italy) 

Spire  Corporation  (USA) 


REGISTRATION 

The  registration  desk  will  be  open  at  the  Palazzo  dei  Congressi  in 
Riva  del  Garda  on  Sunday  September  11,  1988,  from  3  p.m.  to  8  p.m.  and 
on  Monday,  September  12,  from  8  a.m.  to  noon.  For  the  remainder  of  the 
Conference,  the  Secretariat  Office  will  be  open  during  the  Conference 
works. 
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SESSIONS 


\)  Fund  nnentals  of  surface  modification  by  ion  beams.  High  dose  ion  implantation. 

B)  Ion  induced  surface  phases.  Amorphization,  interface  mixing,  quasi-crystalline 
structures,  phase  transformations. 

C)  Modification  of  mechanical  properties  (wear,  fatigue,  hardness,  adhesion,...). 

D)  Mechanisms  and  applications  of  ion  beam  assisted  deposition. 

E)  Modification  of  chemical,  electrochemical  and  oxidation  properties. 

F)  Thin  film  metallurgy  for  microelectronic  applications. 

G)  Industrial  applications  of  ion  beam  techniques.  Methods  and  equipments. 


CONFERENCE  SESSIONS  AND  PROCEEDINGS 

The  conference  has  oral  and  poster  presentations,  all  of  which  are  hold  in 
the  Palazzo  dei  Congressi  of  Riva  del  Garda.  For  details  of  the  Conference 
schedule,  please  see  the  attached  Program. 

Poster  presentation 

Posters  presented  in  Session  I  may  be  mounted  starting  on  Monday  morning, 
September  12,  and  have  to  be  removed  by  Tuesday  evening.  Posters  in  Session  II 
may  be  mounted  starting  late  on  Tuesday  and  may  remain  in  place  until  noon  on 
Friday.  The  panel  area  allotted  for  each  poster  is  2  m  by  2  m.  Authors  are 
requested  to  stay  by  their  posters  during  the  Poster  Sessions, 

Oral  presentations 

The  time  available  for  a  contributed  paper  is  20  minutes  (40  minutes  for  an 
invited  paper),  including  3  (5)  minutes  for  answering  questions  from  the 
audience.  Please,  do  not  exceed  these  times. 

Proceedings 

Publication  of  the  papers  will  be  made  in  Materials  Science  and  Engineering.  The 
publisher,  Elsevier  Sequoia,  will  compile  a  hard-cover  volume  of  the 
proceedings,  which  will  be  sent  after  the  conference  to  all  fully  paid  registrants 
of  the  Conference. 
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EXHIBITION 

During  the  Conference  an  exhibition  of  equipment  and  services  for 
surface  modification  and  related  areas  will  be  held.  The  exhibiting  firms 
include: 

Cenfor  (Italy) 

Danfysik  (Denmark) 

Implant  Sciences  Corporation  (USA) 

Instruments  SA  Italia  (Italy) 

Italstructures  (Italy) 

Tech-ni-plant  (UK) 

Whickam  (UK) 

The  exhibition  is  located  immediately  outside  the  Conference  rooms. 

Coffee  breaks  take  place  near  the  exhibition  booths. 


SPOUSES  PROGRAM 

Riva  del  Garda  is  located  in  a  very  interesting  region,  rich  in  artistic, 
natural  and  historic  monuments.  The  material  found  in  the  Conference  package 
gives  you  some  information  about  the  attractions  of  this  area.  In  addition  you 
could  take  advantage  of  the  Travel  Agency  Desk  available  during  the  Conference 
in  the  Palazzo  dei  Congressi  and  of  the  various  trips  offered. 


SOCIAL  ACTIVITIES 


The  Social  Activities  include: 

i)  The  welcome  reception  on  Sunday,  September  1 1,  at  7.30  p.m.  in  the  Palazzo 
dei  Congressi; 

ii)  The  excursion  on  Wednesday,  Sept.  14,  in  the  afternoon.  Some  buses  will  take 
us  to  a  beautiful  sightseeing  point,  to  some  characteristic  and  impressive 
geologic  features,  to  a  spectacular  waterfall.  The  detailed  program  will  be 
announced  on  Wednesday  morning,  also  on  the  basis  of  the  weather 
conditions. 

iii)  'Ihe  Conference  final  banquet,  which  will  be  offered  free  of  charge  to  all 
participants  on  Thursday,  September  15,  starting  at  7.45  p.m.  (meeting  point 
in  front  of  the  Palazzo  dei  Congressi). 
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MONDAY  12 


09:30  WELCOME  ADDRESS 

10:00  W.A.  Grant  Plenary  lecture 

«Wil!iam  A  Grant  and  the  Beginnings  of  Surface  Modifi- 
cation»,  H.  Hermann.  Univ  of  Stony  Brook,  USA 

10:40  COFFEE  BREAK 

SESSION  A 
Fundamentals 

Chairmen:  R.  Kelly  and  P.  Mazzoldi 


1 1  20  A- 1  Invited 

•Transport  Processes  in  Solids  During  Ion  Implantation*. 
P.  Mazzoldi,  Univ.  of  Padova  Italy  and  A  Miotello. 
Univ.  of  Trento,  Italy. 

12:00  A-2 

•Temperature  and  Dose  Dependence  of  N  implantation 
into  Fe:  Experimental  Results  and  Numerical  Modelisa- 
tion»,  G.  Teraagne.  M.  Piette  and  F  Bodart.  LARN  and 
ISIS,  Belgium,  and  W.  Moller,  MPI  fur  Plasmaphysik. 
FRG 
12:20  A-3 

•Surface  precipitations  of  Ion  Implanted  Li  and  B  in 
Metals*.  D.  Fink,  Hahn  Meitner  Inst  ,  FRG 

12  40  A  4 

•Dissolution  and  Reprecipitation  of  Nitride  Precipitates 
in  Carbon  Steel  by  Low  Dose  alpha-particle  bombard¬ 
ment*.  S  M  M  Ramos,  L.  Amaral.  M  Behar  A  V'as- 
quez.  G.  Marest  and  F.C  Zawislak.  Brasil 

13  00  BREAK 

15  00  A-5  Invited 

•Composition  Changes  with  Bombarded  Alloys*.  R  Kelly. 
IBM  Research  Center,  USA 
1 5  40  A -6 

«X-nay  Studies  of  Noble  Gas  Inclusions  in  Aluminium 
Single  Crystals*.  L  Graabaek  and  J  Bohr,  RISO  Ntl. 
Laboratory.  Denmark;  E.  Johnson.  H  H.  Andersen,  A. 
Johansen  and  L  Sarholt-Kristensen,  Oersted  Institute. 
Denmark. 

1600  A-7 

•Dynamic  Mixing  and  its  Application  in  Impro'ing  the 
Interface  Adhesion*.  W.Z.  Li.  L.  Yi.  F.Z.  Cui  and  H  D. 
Li,  Tstnghua  Univ.,  China 


16  20 


POSTER  SESSION  I 

(see  enclosed  detailed  poster  session  program) 
AND  COFFEE  BREAK 


SESSION  B 
Ion  Induced  Phases 

Chairman:  C.  Tosello 

18:00  e  I  Invited 

•Temperature  Effects  on  Ion  Implanted  Microstructure*. 
D  I  Potter,  C  H  Koch  and  J  K  Steele.  Metallurgy  Dept  . 
Univ.  of  Connecticut.  IKA 
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TUESDAY  13 


SESSION  B  (Cont.) 

Ion  Induced  Phases 

Chairmen:  J.L.  Whitton  and  P.M.  Ossi 

08:30  B-2  Invited 

(•Experimental  and  Theoretical  Developments  in  Ion 
Beam  Induced  Amorphization*,  P.M  Ossi,  CESNEF,  Mi¬ 
lano.  Italy 
09:10  B-3 

•Surface  Metallurgy  with  High  Energy  Heavy  Ion  Beams», 
M.Z.  Vasconcellos,  S.R.  Teixeira,  P  H.  Dionisio,  W.H. 
Schreiner,  and  I.J.R.  Baumvol,  UFRGS,  Brasil 
09:30  B-4 

••Phase  Formation  During  Ion-Beam  Mixing  of  Transi¬ 
tion-Metal  Multilayers)*,  L-U  A.  Andersen,  1.  Bottigcr.  K 
Dyrbye,  K.  Pampus,  and  R.  Poulsen,  Univ.  of  Aarhus. 
Denmark 
09:50  B-5 

•Mixing  and  Annealing  EfTects  in  the  Kr-irradiated  Fe-Pd 
System*.  G.  Battaglin,  S  Lo  Russo,  and  G-  Pnncipi, 
Univ.  of  Padova,  Italy 
10:10  B-6 

«DetaiIed  Analysis  of  the  Amorphization  Process  in  Ion- 
bombarded  Metallic  Alloys*.  L  Thorn*.  A.  Benyagoub. 
and  F.  Pons.  CSNSM,  Orsay.  France,  E.  Ligeon.  )  Fon- 
tenille,  and  R.  Danielou,  Grenoble,  France 

10:30  COFFEE  8Rr-AK 

11:00  B-7 

Amorphization  Process  in  Mn-implanted  A1  Thin  Films 
and  Single  Crystals:  Effects  of  Strains  and  Target  Temper¬ 
ature*,  A.  Seidel,  S.  Massing,  B.  Strchlau,  and  G.  Linker, 
KFl.  Karlsruhe,  FRG 
1120  B-8 

•Temperature  Dependence  of  Amorphization  and  Preci¬ 
pitation  Processes  in  Ni*  and  N*-implanled  NitTi(.  , 
Alloys*,  J.  Delage,  O.  Popoola,  1. P.  Villain,  and  P.  Moine. 
Poitiers,  France 


SESSION  C 

Modification  of  Mechanical  Properties 
Giairmen:  E.  Ramous,  1.  Baumvol  and  F.  Zuliani 
1 1:40  C-l  Invited 

"Phase  Transformations  of  a  N-implanted  Austenitic 
Stainless  Steel  (XI0  CrNiTi  189)*,  R  Leulenccker, 
Fraunhofer  Institut,  Munich,  FRG,  and  G  Wagner,  T 
Louis,  and  U.  Gonser,  Univ.  Saarland,  FRG,  L  Guzman, 
and  A  Molinari,  Trento,  Italy 
12  20  C-2 

«MeV  N  implantation  in  Fe  and  Ti:  a  Microstructure  and 
Hardness  Study*,  A.M.  Vrcdcnberg.  F.Z  Cui,  and  F.W. 
Saris,  FOM,  Amsterdam.  The  Netherlands 
12  40  C-3 

*A  Fundamental  Study  of  Titanium  Nitride  Films  Depo¬ 
sited  hy  Ion  Beam  Mixing*,  K  Hayashi.  K  Sugi>ama, 
K  Fukutani,  and  H  Kiltaka,  Nippon  Steel  Corp..  Japan 


3:00  BRFAK 


15:00 


C-4  li.  rited 

«lon  Implantation  in  Ceramics*.  C.J.  McHatgue,  Oak 
Ridge  Nil  Laboratory.  USA 
15.40  C-5 

•  Ion  Implantation  and  Fatigue  Crack  Initiation  Interac¬ 
tion  of  Persistent  Slip  Bands  with  Modified  Surface  Layers*, 
D.S.  Gmmmon,  Michigan  State  Univ.  East  larumg, 
USA;  D.J  Morrison,  J  W  Jones,  ard  G.S.  Was,  The 
Univ.  of  Michigan,  Ann  Arbor,  USA 
16:00  C-6 

•Ion  Beam  Modification  of  Solid  Lubricants  on  Metals*, 
N.J.  Mikketsen  and  G  Sorensen.  InsL  of  Physics  Univ  of 
Aarhus,  Denmark 
16:20  C-7 

•Effects  of  Oxide  Layer  on  the  Fnction  and  Wear  of 
Ti-implanled  Steel*,  t.L  Singer,  NRL,  USA;  R.A.  Jeffries, 
Geo-Centers,  Inc  MD.  USA 
16:40  C-8 

•Effect  of  Ion  Implantation  on  Fatigue  and  Fretting  of 
Ti-6AI-4V»,  R.P.M.  Procter,  S  Santas  and  W  A  Grant, 
Corrosion  and  Protection  Center,  UMIST,  Manchester, 
U  K.  and  Univ  of  Salford.  UK. 


17:00 


POSTER  SESSION  I  (Com.) 

(see  enclosed  detailed  poster  session  program) 
AND  COFFEE  BREAK 


SESSION  C  (Com.) 


17:40  C-9 

•Structura1  Characterization  and  Fatigue  Behaviour  of  a 
Carbon-implanted  Pure  Crystalline  Nickel*,  S  Patu 
M.H  Xu  and  Z.G.  Wang,  Inst,  of  Metal  Research.  China 
18:00  C-10 

•Examinations  of  Wear,  Hardness  and  Fnction  of  N.  B, 
C.  Ag.  Pb,  and  Sn-implanted  Steels  with  Different  Chro¬ 
mium  Contents*,  A.  Kluge,  K.  Langguth,  R.  Ochsner.  K_ 
Kobs  and  H.  Ryssel,  Fraunhofer-Arbeitsgruppe  fur  Inte- 
grierte  Schaltungen,  Erlangen;  and  Philips  Forschungsla- 
boratorium  Hamburg,  FRG 
18:20  C- 1 1  Invited 

•Ion  Implantation  in  Japan  in  Non  Semiconductor  Fields*. 
M.  Iwaki.  RIKEN,  Saitama,  Japan 
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WEDNESDAY  14 

SESSION  D 

Ion  Beam  Assisted  Deposition 
Chairmen:  P.G.  George  and  G.K.  Hubler 


08:30  D-l  Invited 

((Fundamentals  of  Ion  Beam  Assisted  Deposition:  Technique 
and  Film  "Properties*,  G.K  Hubler,  N.R.L,  Washington, 
USA 
09:10  D-2 

•Simultaneous  Ion  Implantation  and  Deposition*,  J.P. 
Budinavicius,  LI  Pranevicius,  S.J.  Tamulevicius  and  J J. 
Vosylius,  Kaunas  Polytechnic  Institute,  Lituanian  S.S.R., 
USSR 

09:30  D-3 

•The  Effect  of  Ionization  in  Produdn*  Large  Intermix 
Layers  in  Ion  Plating*,  R.F.  Hochman  and  W.B.  Carter, 
Georgia  Institute  of  Technology,  Atlanta,  USA 
09:50  D-4 

•Surface  Modification  of  Structural  Materials  by  Dyna¬ 
mic  Ion  Mixing  Process*,  S.  Nakashima,  M.  Fukushima, 
M.  Haginoya,  Hitachi  Research  Laboratory;  I.  Hashimo- 
to,  Kobuku  Works,  Hitachi;  and  K.  Terakado,  Sawa 
Works,  Hitachi,  Japan 
10:10  D-J 

•HPIB-Induced  Melting  and  Mixing  in  Deposited  Struc¬ 
tures*.  A.  D.  Pogrebnjak  and  G.E.  Remnev.  Nuclear  Phy¬ 
sics  Institute,  Tomsk,  USSR 


10.30 


POSTER  SESSION  II 

(see  enclosed  detailed  poster  session  program) 

AND  COFFEE  BREAK 


SESSION  D  (Cont.) 

12:20  D-6  Invited 

•New  Compounds  Synthesis  by  Ion  Assisted  Deposition 
(emphasizing  the  High  Tc  Superconductors)*,  J.J.  Cuomo, 
IBM  TJ.  Watson  Research  Center,  Yorklown  Heights, 
N.Y.,  USA 

13:00  BREAK 

14:00  Afternoon  Excursion 
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THURSDAY  15 

SESSION  E 

Modification  of  Oxidation 
and  of  Corrosion  Properties 

Chairmen:  P.L.  Bonora,  G.K.  Wolf  and  P.G.Orsini 


08:30  E-l  Invited 

«Ion  Beam  Assisted  Coatings  Tor  Corrosion  Studies*,  W. 
Ensinger  and  G.K.  Wolf,  UniversitS;  Heidelberg,  FRG 
09:10  E-2 

«EiTect  of  Reactive  Element  Ion-Implantation  on  the 
High  Temperature  Oxidation  of  Ni-25  Cr»,  P.Y.  Hou, 
Lawrence  Berkeley  Laboratory,  Berkeley,  USA;  J.  String¬ 
er,  Electric  Power  Research  Institute,  Palo  Alto,  USA 
09:30  E-3 

•Surface  Oxidation  of  Cu  Observed  by  PAC  and  RBS», 
A.  Banos,  W.  Boise,  K.P.  Ueb  and  M.  Uhrmacher,  II. 
Physikalisches  Inst,  der  Univ.  Gottingen  and  Sonderfors- 
chungsbereich  126,  Clausthal/Gottingen,  FRG 
09:50  E-4 

•Effect  of  Ce  Implantation  on  the  Corrosion  of  Alloy 
800H  in  S-O-C  Environment*,  M.F.  Strooosnijder,  JF 
Norton,  V.  Guttmann,  Joint  Research  Centre  Petten,  The 
Netherlands;  M.J.  Bennett,  AERE  Harwell,  England:  and 
J.H.W.  de  Wit,  Delft  University  of  Technology,  The 
Netherlands 
10:10  E-S 

•Electnocatalytic  Properties  of  Ion  Implanted  Oxide  Films*. 
L.  Elfenthal,  J.W.  Schultze,  Universitat  Diisseldorf,  FRG; 

O.  Meyer,  KFZ  Karlsruhe,  FRG 

10.30  E-6 

•Localized  Corrosion  Behaviour  of  AI  Surface  Alloys 
Produced  by  Ion  Beam  Mixing  and  Ion  Implantation*. 

P. M.  Natishan,  E.  Me  Caflerty  and  G.K.  Hubler,  Naval 
Research  Laboratory  USA. 


10:50 


POSTER  SESSION  II  (Cont.) 

(see  enclosed  detailed  poster  session  program) 
AND  COFFEE  BREAK 


SESSION  E  (cont.) 

11:40  E-7  Invited 

•Improved  High  Temperature  Oxidation  Behaviour  of 
Alloys  by  Ion  Implantation*,  M.J.  Bennett,  D.J.  Olivers, 
M.R.  Houlton  and  A.T.  Tuson,  Materials  Development 
and  Nuclear  Physics  Divisions,  Harwell  Laboratory,  Eng¬ 
land 
12:20  E-8 

•Corrosion  Studies  of  Refractory  Metals  in  Hot  Acids  by 
Ion  Beam  Techniques*.  W.  Ensinger  and  G.K.  Wolf, 
Physikalisch-Chemisches  Instilut  der  Universitat  Heidel¬ 
berg,  FRG 
12:40  E-9 

•Electrochemical  and  Corrosion  Behaviour  of  BN  Coated 
Aluminium  Alloys  Surface*,  L.  Fedrizzi,  M.  Elena,  S. 
Gialanella,  M.  Dapor  and  L.  Guzman,  IRST  and  Univer¬ 
sity  of  Trento,  Italy 

13:00  BREAK 
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SESSION  C  (Cont.) 

Modification  of  Mechanical  Properties 

Chairman:  R.P.M.  Procter 

15:00  C-12  Invited 

«!on  Implantation  in  China  in  the  Non  Semiconductor 
Field»,  G.L.  Zhang,  Institute  of  Low  Energy  Nuclear  Phy¬ 
sics,  Beijing  Normal  University,  China 


SESSION  F 

Thin  Film  Metallurgy  for  Microelectronics 
Chairman:  G.  Soncini 
15:40  F-l  Invited 

«The  Current  Status  of  Metallization  in  Integrated  Cir¬ 
cuits  Applications)*,  R.J.  Holwill,  Dept,  of  Electrical  En¬ 
gineering,  Univ.  of  Edinburgh,  Scotland 
16:20  F-2 

«Meta!lizations  Used  in  Integrated  Circuits  and  Ion  Beam 
Effects*,  G.  Ottaviani,  Universita  di  Modena,  Italy 

16:40  COFFEE  BREAK 

17:10  F-3 

«A  Metal  Vapor  Plasma  System  for  Thin  Film  Metal¬ 
lurgy*,  P.  W,  Kidd,  TRW  Space  and  Defense,  Redondo 
Beach,  California,  USA 
17:30  F-4 

«Properties  of  Oxide  and  Nitride  Layers  in  Aluminium 
Produced  by  High  Dose  Ion  Implantation*,  S.  Ohira, 
NIKKEI  Techno  Research,  Shizuoka,  Japan;  M.  Iwaki, 
RIKEN,  Saitama,  Japan 

17:50  F-5 

«Ar  Ion  Beam  Effect  upon  Photoemissive  Thin  Films*.  P. 
Dolizy  and  F.  Groliire,  Laboratoires  d’Electronique  et  de 
Physique  Appliquie,  Philips  Research  Organ.,  Limeil 
Brevannes,  France 

19:45  Banquet 


14 


FRIDAY  16 

SESSION  G 

Equipment  and  Industrial  Applications 
Chairmen:  G.  Della  Mea  and  J.  K.  Hirvonen 

08:30  G-l  Invited 

«Ion  Beam  Processing  for  Industrial  Applications*,  J.K. 
Hirvonen,-  Spire  Corporation,  Bedford,  USA 
09:10  G-2 

«Improvement  in  Friction  and  Wear  of  Hard  Chromium 
Layers  by  Ion  Implantation*,  W.  Lohmann,  Enka  AG, 
Obemburg,  FRG;  J.G.P.  van  Valkenhoef,  Akzo  Materials 
and  Corrosion  Engineering,  Hengelo  Ov,  The  Nether¬ 
lands 
09:30  G-3 

«Ion  Implantation  in  WC-Co:  Analysis  of  Treated  Sur¬ 
faces  and  Testing  of  Industrial  Tools*,  L.  Guzman,  L. 
Ciaghi,  F.  Giacomozzi,  E.  Voltolini,  IRST,  Povo  (Tren¬ 
to),  Italy;  G.  Deamaley,  P.  Gardner  and  A.  Peacock, 
AERE  Harwell,  England 
09:50  G-4 

«A  Universal  High  Current  Implanter  for  Surface  Modifi¬ 
cation  of  Materials*,  B.R.  Nielsen,  P.  Abrahamsen  and  S. 
Eriksen,  Oanfysik  A/S,  Denmark 

10:10  COFFEE  BREAK 

10:40  G-5  Invited 

«Plasma  Source  Ion  Implantation,  a  new  Approach  to  Ion 
Beam  Modification  of  Materials*,  J.R.  Conrad,  Dept,  of 
Nuclear  Engineering  and  Engineering  Physics,  University 
of  Wisconsin,  USA 

1 1 :20  Panel  Discussion 

«Industrial  Applications  of  Ion  Implantation  Techniques*. 
13:00  END  OF  SESSIONS 
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POSTER  SESSIONS 


©AST  AILED  MOGEAM 


POSTER  SESSION  I 


A.  Fundamentals 

B.  Ion  Induced  Pluses 

C.  Modification  of  Mechanical  Properties 


A-8  «Titanium  Implantations  into  a  High  Speed  Steel  Distribu¬ 
tion  Parameters  and  CEMS  Characterization*,  M.A.  Elk- 
hahani,  H.  JafTrezic,  O.  Marest,  N.  MoncofTreand  J.  Tous- 
set,  Institut  de  Physique  Nucliaire  de  Lyon,  University 
Claude  Bernard  LYON  1,  France 

A-9  «Nuclear  Resonance  Analysis  Depth  Profiling  of  Na  Im¬ 
planted  into  Al  and  AISI  316  Ti-Steet»,  M.  Uhrmacher, 
A,  Kehnel,  N.  Scapellato,  and  K.P,  Lieb,  Univ.  Gottingen, 
FRG 

A- 10  «Calcutation  of  Ion  Implants  Depth  Profiles  at  High 
Dose*,  A.J,  Armini,  and  S.N.  Bunker,  Implant  Sciences 
Corp.,  Danvers,  USA 

A- 1 1  «Sputtering  of  Copper  Crystals  by  Soluble/Nonsoluble  Me¬ 

tal  Ions*,  L.  Sarholt-Kristensen,  A.  Johansen,  and  E.  John¬ 
son,  0rsted  Institute,  Denmark;  N.  Chechenin,  Moscow 
State  Univ.,  USSR 

A- 1 2  «In  Situ  Study  of  Surface  Deformation  Fields  Induced  by 
Ion  Implantation*,  L.  Augulis,  B.  Jasiulionis,  I.  Pozela,  L. 
Pranevicius,  Kaunas  Polytechnic  Inst.  Lithuania,  USSR 

A-I3  «Ion  Induced  Surface  Modifications  of  Co  Crystals*,  A. 
Johansen,  E.  Johnson,  and  L.  Sarholt-Kristensen,  0rsted 
Institute,  Denmark;  V.S.  Chemysh,  Moscow  State  Univ., 
USSR 


B-9  "Target  Temperature  Dependence  on  Ti  Oxide  Formation 
by  High  Dose  Oxygen  implantation  into  Ti  Sheets*.  Y. 
Okabe,  Saitama  Inst,  of  Tech.,  Japan;  M.  Iwaki.  and  K. 
Takahashi,  RIKEN,  Saitama,  Japan 

B-10  «TEM  Study  of  Amorphizalion  and  Precipitation  in  Ni+ 
Implanted  Aluminum*,  M.F.  Denanot,  O.  Popoola  and  P. 
Moine,  Lab.  de  Metallurgie  Physique,  Poitiers,  France 

B- 1 1  "Influence  of  Ion  Beam  Irradiation  on  the  Superconducting 
and  Structural  Properties  of  the  High  Tc  Oxides  Thin  Films*, 
B.  Egner,  J.  Geerk,  H.C.  Linker,  O.  Meyer,  J.  Remmel,  B. 
Strehlau,  F.  Weschenfelder,  G.C.  Xiong,  KFZ  Karlsruhe, 
FRG 

B-12  "Solid  Rare  Gas  Bubbles  in  Metals  Probed  by  Mbssbauer 
Nuclei*,  H.  Pattyn,  J.  Oderus  and  S.  Bukshpan,  Univ.  cf 
Leuven,  Belgium 

B-13  "Surface  Deformations  by  High  Dose  MeV  Energy  He,  Ne, 
and  Ar  Ions*,  F.  Paszti,  Central  Res.  Inst,  for  Physics, 
Rudapest,  Hungary 

B- 1 4  «TEM  Study  of  the  Mierostructures  of  Ion  Implanted 
Steels*,  G.  J.  Cai,  Z.  Q.  Jin,  Y.  R.  Chen,  Southwest 
Jaotong  Univ.,  Sichuan,  China;  G.  L.  Zhang,  Beijing  Nor¬ 
mal  University,  China. 
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B-15  ((Different  Crystalline  Structures  of  Ru-rich  Metastable 
Phases  Formed  by  Ion  Beam  Mixing  of  the  Binary  Systems 
Ag-Ru  and  Au-Ru»,  M.  Buchgeister,  W.  Hiller.  K.  Kopitz- 
ki,  G.  Mertler  and  E.  Peiner,  Univ.  Bonn.  FRG;  W.  Jager, 
KFA  Julich,  FRG 

B-16  «lon  Beam  Mixing  of  Selected  Binary  Metal  Systems  with 
Laige  Positive  Heats  of  Formation*,  W.  Hiller,  M.  Buch¬ 
geister,  K.  Kopitzki  and  E  Peiner,  Univ.  Bonn,  FRG 

B-17  «Glancing  Angle  X-ray  Diffraction  and  SEM  Studies  of 
N2+  Implanted  Tantalum*,  R.M.  Raole,  RSIC,  IIT,  Bom¬ 
bay,  India;  A.M.  Narsale,  D.C.  Kothari,  P.S.  Pawar,  S.V. 
Gogawale,  Univ.  of  Bombay,  India;  L.  Guzman  and  M. 
Dapor,  IILST,  Trento,  Italy 

8-18  «Ion  Beam  Effects  on  Fe-Ni  Bilayers*,  L.  Gratton,  C. 
Tosello,  Univ.  of  Trento,  Italy;  S.  Lo  Russo  and  G.  Princi- 
pi,  Univ.  of  Padova,  Italy;  W.  Keune,  Duisburg  University, 
FRG;  J.  Parellada,  Univ.  of  Barcelona,  Spain 


C-13  «Characterization  of  Transfer  Films  on  Oxidized  Ti- 
Implanted  Steel*,  S.  Fayeulle  and  I.L  Singer,  Naval  Re¬ 
search  Laboratory,  Washington  DC,  USA 

C-14  «TEM  Investigation  of  Structural  Transformations  in  Ti, 
TiAl  after  N,  C,  B  Implantations  and  Friction*,  J  C.  Pivin. 

P.  Zheng  and  M.O.  Ruault,  CSNSM,  Orsay,  France 

C-1S  ((Friction  and  Wear  Measurements  of  Oxidized  Titanium 
Surfaces  Bombarded  With  Ion  Beams  in  the  Hundred  keV 
Region*,  B.M.  Lund,  N.J.  Mikelsen,  L.  M.  Schmidt  and 
G.  Sorensen,  University  of  Aarhus,  Denmark 

C-16  «MeV  Ion  Beam  Polishing  of  Anodically  Grown  Alu¬ 
mina*,  B.  Daudin  and  P.  Martin,  Commissariat  i  I'Energie 
Atomique,  Centre  d'Etudes  Nuclear  res  de  Grenoble,  France  _ 

C-I7  ((Dislocation  Structures  in  Near  Surface  Layers  of  Pure 
Metals  Formed  by  Ion  Implantation*,  A.  N.  Didenko.  A.I. 
Rjabchikov,  G.P.  Isaev  and  N.M.  Arzubov,  Nuclear  Phy¬ 
sics  Institute,  Tomsk,  USSR;  Y.P.  Sharkeev,  E.V.  Kozlov, 
G.V.  Pushkareva  and  I.V.  Nikonova,  Institute  of  Civil 
Engineering,  Tomsk,  USSR,  and  A.E.  Ligachev,  Inst,  of 
Aircraft  Technology,  Moscow,  USSR 

C-18  «The  Influence  of  Temperature  on  The  Performance  of 
Ion  Implanted  Metal-Forming  Tools*,  Chr.  Weist,  Inst;  fur 
Umformtechnik,  Stuttgart,  FRG  and  P.  Ballhause,  G.K. 
Wolf,  Physikalisch-Chemisches  Institut  der  Universitat 
Heidelberg,  FRG 

C-19  «EfPect  of  HPIB  Bombardment  on  Structure  and  Properties 
of  TN-20  and  VK-8  Alloys*,  A.D.  Pogrebqjak,  G.E.  Rem- 
nev,  V.P.  Janovskii,  Inst,  of  Nuclear  Physics,  Tomsk, 
USSR  and  R.D.  Babajanov,  A.  Emiraliev,  Inst,  of  Applied 
Physics,  Tashkent  State  University,  USSR 

C-20  «Mechanical  Property  Changes  in  Ion  Implanted  Silicon 
Nitride  for  Rolling  Element  Bearings*,  A. I  Armini,  Im¬ 
plant  Sciences  Corporation,  Danvers,  USA  and  J.A. 
Morrison,  Rolls-Royce  Inc.,  Atlanta,  GA,  USA 
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C-2 1  "Increased  Microhardness.  Wear  Resistance  and  Corrosion 
Resistance  of  HPIB-irradiated  Alloys*.  A.E.  Ligacnev. 
V.P.  Nesterenko,  A.V.  Nesmeelov.  M.S.  Opekunov,  A.D. 
Pogrebnjak,  l.F.  Isakov,  G.E.  Remnev,  V.S.  Ukhanov,  N.I. 
Shabanov,  1,8.  Kurakin  and  V.B.  Kushnarenko,  Institute 
of  Aircraft  Technology,  Moscow,  USSR 

C-22  "Microhardness,  Artificial  Ageing  and  Fatigue  Behaviour 
of  Nitrogen  Implanted  Alloy  Steel*,  J.  Lunarski,  W.  Zie- 
lecki,  Rzeszow  Technical  University,  Poland;  G.  Gawlik, 
J.  Jagielski  and  A.  Podgorki,  Institute  for  Electronic  Mater¬ 
ials  Technology,  Warsaw,  Poland 

C-23  "Wear  Resistance  Improvement  and  Structural  Modifica¬ 
tions  of  B*  Implanted  Austenitic  Stainless  Steel*,  S.  Raud, 
H.  Garem,  J.P.  Villain  and  P.  Moine.  Lab.  de  Metallurgie 
Physique,  Poitiers,  France 

C-24  "The  Effect  of  Ion  Beam  Surface  Modifications  on  Fatigue 
Crack  Initiation  in  Polycrystalline  Nickel*.  D.J.  Morrison, 
J.W.  Jones,  D.E.  Alexander,  C.  Kovach,  and  G.S.  Was. 
University  of  Michigan,  USA 

C-25  "Microstructure  and  Mechanical  Properties  of  High  Dose 
Nitrogen  Implanted  Metals*,  T.  Fujihana,  T  Sugasawa, 
Advanced  Technology  Inc,  Yokohama,  N.  Matsuzawa,  Y. 
Okabe,  Saitama  Institute  of  Technology,  M.  Iwaki,  Rl- 
KEN,  Japan 

C-26  "Annealing  Behaviour  of  Nitrogen  Ion  Implanted  304 
Stainless  Steel*,  Sadhna  Shrivastava,  Ram  D.  Tarey,  Ami- 
tabh  Jain  and  K.  L.  Chopra,  Indian  Institute  of  Techno¬ 
logy,  New  Delhi,  India 

C-27  "Nitrogen  Ion  Implantation  Into  Intermetallic  Compound 
TiAI»,  K.  Saito  and  T.  Matsushima,  National  Research 
Institute  for  Metal,  Tsukuba  Lab.  ibaraki,  Japan 

C-28  "Post  Implantation  Heat  Treatment  of  Nitrogen  Implanted 
440c  Stainless  Steel*,  Pao  Huang  and  Robert  F.  Hochman, 
Georgia  Institute  of  Technology,  Atlanta.  GA 

C-29  "Mechanical  Properties  of  CuNi  and  FeAl  Films  Produced 
by  Dynamic  Ion  Mutinp,  J.P.  Riviere,  S.  Pimbert,  C. 
Sarrazin,  J.  Delafond,  Universite  de  Poitiers,  France,  and  J. 
Von  Stebut.  Ecole  des  Mines  de  Nancy,  France 
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POSTER  SESSION  II 


0.  Ion  Beam  Assisted  Deposition 

E.  Modification  of  Oxidation  and  of  Corrosion  Properties 

F.  Thin  Film  Metallurgy  for  Microelectronics 

G.  Equipment  and  Industrial  Applications 


D-7  «Nitrogenation  of  Metal  Surfaces  by  Ar*  Ion  Bombard¬ 
ment*,  Y.  Baba  and  T.A.  Sasaki,  Japan  Atomic  Energy 
Research  Institute,  Japan 

D-8  «Structure  and  Properties  of  TiC  Grown  by  Dynamical  Ion 
Beam  Mixing*,  S.  Pimbert-Michaux,  C.  Chabrol,  UNIR- 
EC,  France;  M.F.  Denanot,  and  J.  Delafond,  Lab.  de 
Metallurgie  Physique,  Poitiers,  France 

D-9  ^Mixing  of  Metallic  Multilayers  with  Light  Ions*,  A.  Tra¬ 
verse,  CSNSM,  Orsay,  France;  L.  Ndvot,  B.  Poardo  and  C. 
Como.  Inst.  d'Optique,  Orsay,  France 

D-10  aPhysical  Properties  of  Ti-N  Thin  Films*,  A.  Cavalleri, 
M.  Dapor,  F.  Giacomozzi,  S.  Girardi  and  F.  Marchetti, 
IRST,  Trento,  Italy 

D-ll  « Formation  of  the  Alloys  by  Ion  Beam  Mixing  in  the 
Temperature  Range  300-600  K»,  R.  Brenier,  P.  Thevenard,  A. 
Perez,  J.  Rivory,  M.  Treiileux,  University  Claude  Bernard  - 
LYON  I,  France 

D-12  «Radiation  Enhanced  Diffusion  in  Ion  Bombarded  Ag/Ni 
Thin  Film  Multilayers*.  D.  Marton,  J.  Fine,  and  G.P. 
Chambers,  National  Bureau  of  Standards,  USA 

D-13  «lon  Impact  Induced  Diffusion:  New  Evidence  for  a  Com¬ 
plex  Defect  Mechanism*  A.  D.  Marton  and  J.  Fine,  Na¬ 
tional  Bureau  of  Standards,  USA 


E-10  «The  Corrosion  Behaviour  of  Ion  Implanted  AISI  304L 
and  3I6L  Stainless  Steels  in  Acid  and  Chlorine-containing 
Media*,  C.  Ringas  and  F.P.A.  Robinson,  Dept  of  Metal¬ 
lurgy  and  Materials  Eng.,  Univ.  of  Witwatersrand,  Jo¬ 
hannesburg,  South  Africa 

E-ll  «The  Corrosion  Behaviour  of  Ion  Implanted  WC-Ni  and 
WC-Co  Alloys  in  Acid  and  Chlorine-containing  Media*, 
C.  Ringas  and  F.P.A.  Robinson,  S.B.  Luyckx  and  J.P.F. 
Sellschop,  Univ.  of  the  Witwatersrand.  Johannesburg. 
South  Africa 

E-12  aEffect  of  Y,  S,  Y+S  and  Xe  Ion  Implantation  on  the 
Oxidation  of  Ni»,  J.M.  Hampikian  and  D.l.  Potter,  Metal¬ 
lurgy  Dept,  Univ.  of  Connecticut,  USA 

E-13  «The  Effect  of  Ion  Implantation,  Ion  Beam  Mixing  and  its 
Combined  Action  on  Aqueous  Corrosion  Resistance*,  W. 
Tian,  W.P.  Cai,  J.  Li  and  R.  Wu,  Wuhan  Iron  and  Steel 
University,  China 

E-14  oOxidation  of  Nitrogen-implanted  A1  and  Surface  Films  of 
At  Oxide*,  G.  Sorensen  and  H.  Jensen,  University  of 
Arhus,  Denmark;  S.  Lucas  and  F.  Bodart.  LARN  and  ISIS. 
University  of  Namur,  Belgium 

E-15  « Phosphorous  Implantation  of  304L  Stainless  Steel*,  E.C. 

Cooney,  and  D.l.  Potter,  Metallurgy  Dept.,  Univ.  of  Con¬ 
necticut,  USA;  N.L  Lee,  General  Motors  Res.  Lab.,  USA 


22 


E-16  .The  Effect  of  Ion  Implantation  on  the  Mechanisms  of 
Oxide  Adhesion  and  Hot  Corrosion  of  MCrAlY-type 
Alloys*.  V.  Provenzano,  Naval  Research  Laboratory. 
USA 

E-17  «Electrochemical  Studies  of  Fe-Cr  Amorphous  Passive 
Films  Prepared  by  Ion  Beam*.  XJ.  Fan,  H.X.  Guo. 
Q.H  Yu,  Wuhan  University,  China 

E-18  .Activity  and  Surface  Composition  of  Sputter  Deposited 
Pt/y-AljOj  Catalysts*,  A.  Licciardello,  F.  Iacona  and  S. 
Pignataro,  University  di  Catania;  A.  Parmaliana,  F. 
Frusteri  and  N.  Giordano;  C.N.R.-T.A.E.,  Pistunina, 
Italy 

E-19  .Electrochemical  and  Corrosion  Behaviour  of  ARMCO 
Fe  and  a  number  of  Chromium  Steels,  Implanted  with 
Nitrogen  Ions»,V.V.  Bereza  and  V.V.  Parshutin,  Inst,  of 
Applied  Physics,  Kishinev,  USSR;  P.L.  Bonora  and  L. 
Fedrizzi,  University  Of  Trento;  L.  Guzman,  IRST, 
Trento,  Italy 

E-20  .Oxidation  Resistance  Studies  of  Ar+  and  N2+ 
Implanted  304  Stainless  Steel*,  D.C.  Kothari,  L. 
Guzman,  L.  Calliari,  A.  Tomasi  and  E.  Voltolini,  IRST, 
Trento,  Italy;  P.  Scardi.  Department  of  Engineering. 
Trento  University,  Italy 

E-21  .The  Effects  of  Nj*  Ion  Implantation  on  the  Oxidation 
of  Polycrystalline  Cu»,  D.C.  Kothari,  L.  Guzman,  L. 
Calliari  and  A.  Tomasi,  IRST.  Povo.  Italy;  S. 
Gialanella.  Dept,  of  Engin.,  Mesiano,  Trento,  Italy; 
P.M.  Raole,  RSIC.  HT,  Poway,  Bombay,  India 

E-22  «Electrochemical  Study  of  Multiple  Energy  Nitrogen 
Ion  Implanted  A1  Alloys*.  Y.  Massiani  and  J.P. 
Crousier,  University  de  Provence,  France;  L.  Fedrizzi 
and  P.L.  Bonora.  University  of  Trento;  M.  Elena.  IRST, 
Povo,  Trento.  Italy 

E-23  *The  Effects  of  Ion  Implantation  upon  Ni  Oxidation 
Investigated  by  SIMS*,  P.J.  George,  Kurukshetra 
University,  India;  MJ.  Bennett,  H.E.  Bishop  and  G. 
Deamaley,  Harwell  Laboratory,  U.K. 

E-24  .Relationship  Between  Properties  and  Structures  under 
Different  Temperatures  of  Bombardment*,  T.  Wei,  L. 
Jiun,  C.  Weiping,  W.  Run,  Wuhan  Iron  and  Steel 
Univ.,  China 


F-6  .Annealing  Effects  of  Oxygen-  and  Nitrogen-implanted 
Aluminum*,  S.  Ohira,  NIKKEI,  Japan;  M.  Iwaki, 
RIKEN,  Japan 

F-7  .MOssbauer  Study  of  the  Formation  of  Metallic  Layers 
by  Ion  Implantation  of  Co  in  Si*.  A.  Vantomme,  M.F. 
Wu,  I.  Deszi  and  G.  Langouche,  University  of  Leuven, 
Belgium 

F-8  .Structural  and  Electrical  Studies  of  Vanadium  Silicide 
Layers  Synthesized  by  High  Dose  Ion  Implantation*, 
V.P.  Salvi,  S.V.  Vidwans,  A.M  Narsale,  A. A. 
Rangwala,  Dept  of  Physics,  University  of  Bombay, 
India;  A.K.  Jain  and  Kuldecp,  Nuclear  Physics  Division. 
BARC,  Bombay,  India 


23 


F-9  ((Improvement  of  Microwave  Ion  Source  for  Surface 
Modification*,  N.  Sakudo,  K.  Tokiguchi,  T.  Seki  and 
H.  Koike,  Hitachi  Ltd.,  Japan;  M.  Iwaki,  RIKHN,  Japan 

F-IO  ((Electronic  Properties  of  Al-Mn  Quasicrystalline  Films 
Formed  by  Ion  Beam  Mixing*,  X.  J.  Fan,  H.  X.  Guo,  Q. 
H.  Yu,  S.  Wang  and  C.  Tian,  Wuhan  University,  China 

F-l  I  «The  Effects  of  Nitrogen  and  Boron  Ion  Implantation  on 
the  Performance  of  Electric  Contacts*,  S.  R.  Xu,  Y.  Zhang. 
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TRANSPORT  PROCESSES  IN  SOLIDS  DURING  ION  IMPLANTATION 


by 

P.Mazzoldi { * )  and  A.Miotello( ** ) 

(*)  Dipartimento  di  Fisica , Unita '  CISM-35100  Padova  Italy 
( ** )Dipartiraento  di  Fisica, Unita'  CISM-38050  Povo  (TN)  Italy 


ABSTRACT 


There  are  many  important  effects  of  fast  charged  particles 
irradiation  on  solid-state  rate  processes  in  solids:l)sput- 
tering,2)enhanced  diffusion, 3 (break-up  of  clusters  of  preci¬ 
pitated  atoms, 4 )electric  fields  formation  promoted  by  elec¬ 
tronic  excitation.  In  most  irradiation  studies  of  solids  many 
different  combinations  of  these  effects , depending  on  the  tar¬ 
get  electronic  density, occur  together. 

In  this  talk  we  present  a  survey  on  transport  phenomena 
occurring  in  solids  during  irradiation,  stressing  both  pos¬ 
sible  common  features  as  well  as  peculiarities  arising  just 
from  the  nature  of  the  irradiated  solid:  metal , semiconductor 
or  insulator. 

In  particular  we  will  comment  on  different  role  of  electro¬ 
nic  excitations  in  dielectric  solids  as  opposed  to  metallic 
ones . 

Basic  phenomena  occurring  during  fast  charged  particles  ir¬ 
radiation  of  solids  are  described  in  the  framework  of  trans¬ 
port  models. 

Particular  emphasis  will  be  placed  upon  recent  theoretical 
and  experimental  developments  concerning  correlation  processes 
during  atomic  migration  and  ionic  transport  on  percolation 
clusters . 
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■MPERATURE  AND  DOSE  DEPENDENCE  OF  NITROGEN 
IMPLANTATION  INTO  IRON  :  EXPERIMENTAL  RESULTS  AND 
NUMERICAL  MODELISATION. 


G.TER¥AGNEU  b).  M.PIETTE(ab).  F.BODART(»-b).  ¥.llOLLER(d) 


(a)  Laboratoire  d  Analyses  par  Reactions  Nudiaires  (LARN), 

Faculty  Universitaires  N.D.  de  la  Paix,  B-5000  NAMUR  (BELGIUM) 

(b)  Institute  for  Studies  in  Interfaces  Sciences  (ISIS), 

Facultes  Universitaires  N  D  de  la  Paix,  B-5000  NAMUR  (BELGIUM) 
id)  Max-Planck  Institut  fur  Plasraaphysik, 

D-S046  Garching  (FED  REP.  GERMANY) 

It  has  been  shown  that  the  depth  profile  of  nitrogen  implanted  into  iron  depends 
strongly  with  the  temperature  of  the  sample  during  the  implantation*  *  ^  .  The 
nitrogen  depth  profile  shows  a  surface  peak  wich  increases  with  the  implantation 
temperature  A  systematic  study  of  nitrogen  implanted  iron  has  been  performed  with 
different  experimental  techniques,  and  a  numerical  model  has  been  developped  in 
order  to  explain  this  temperature  effect 

Pure  iron  samples  have  been  implanted  with  100  keV  (  50  keV/atom)  to 

different  doses  (2  10'6  to  5  10^  N/cm^)  and  at  various  implantation  temperature  (20 
•C  to  200  *0 

The  specimen  were  studied  by  Conversion  electron  Mossbauer  Spectroscopy 
(CEMS)  in  order  to  measure  the  relative  concentration  of  iron  nitrides  (  €-  Fe2N  ,  (- 

FejN.  a'-martensite) 

The  nitrogen  depth  profiles  were  measured  with  the  ^(p^yj^c  nuclear 
resonant  reaction  (  Ep  -  429  keV  ) 

A  numerical  model  has  been  developped  to  explain  the  shape  of  the  nitrogen 
depth  profile  This  model  accounts  for  preferential  sputtering,  thermal  diffusion, 
radiation  enhanced  diffusion,  secondary  phase  precipitation  and  radiolytic 
decomposition  of  the  precipitates 

The  nitrogen  surface  peak  is  shown  to  be  the  consequence  of  an  enhanced 
precipitation  near  the  surface  Nitrogen  implantation  in  Copper,  Nickel  and 
Molybdenum  show  that  the  existence  of  that  peak  is  correlated  with  the  formation 
enthalpy  of  the  corresponding  nitride 


Ref 

(1) F.Bodart.  GTerwagne.  M  Piette:  Mater  Science  and  Engineering  9Q  (19S7) .  Ill 
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Instr  and  Methods  209/210  ( 19S3)  259-2S5 
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SURFACE  PRECIPITATIONS  OF  ION  IMPLANTED  LITHIUM  AND  BORON  IN  METALS 


D.FINK 

Hahn-Meitnei — Institut  Berlin,  Dept.  P-AF 
P.O.Box  390  128,  D-1000  Berlin  39,  Germany 


ABSTRACT 

After  ion  implantation  and  subsequent  annealing  of  Li  and  B  in  metals, 
frequently  surface  precipitations  are  found.  Their  thermal  evolution 
is  analyzed  by  observation  of  the  surface  peaks  in  the  Li  and  B  depth 
prof iles. 

In  general  ,  surface  peaks  are  found  to  set  in  at  typically 
T  «  <0.3  ...  0.4)  *  Tm  (Tm  =  melting  temperature)  ,  and  can  be  described 
by  trapping  of  an  i nterst i t i al 1 y  moving  fraction  Df  the  implanted 
material.  This  easily  mobile  component  amounts  typically  to  0,03.. 3054 
of  the  totally  implanted  ions,  the  fraction  depending  on  the  system 
under  consideration.  Observed  surface  peaks  vanish  in  the  case  of 
Lithium  by  sublimation  at  typically  500  -  600  C,  but  remain  stable 
for  Boron  nearly  up  to  Tm. 

In  a  few  cases  <e.g.  Li  in  Al  and  Cu>  ,  surface  peaks  developped  at 
much  higher  homologous  temperatures  <T  -  ca.  0.6  *  Tm)  ,  which  shows 
that  their  development  is  correlated  with  the  substitutional  diffusion 
of  Li  in  the  bulk. 

In  the  case  of  Boron,  the  surface  precipitations  of  the  implanted 
material  are  frequently  masked  by  surface  preci pi  tat i ons  of  natural 
Boron  impurities,  which  are  found  to  be  abundant  in  most  metals  in 
the  order  of  typically  1  to  100  ppm  atomic. 
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DISSOLUTION  AND  REPRECIPITATION  OF  NITRIDE  PRECIPITATES  IN  CARBON  STEEL 

BY  LOW  DOSE  a-BOMBARDMENT 

S.M.M. Ramos,  L. Amaral,  M.Behar,  A.Vasquez,  G.Marest*  and  F.C.Zawislak 
Instituto  de  Fisica,  UFRGS,  90049  Porto  Alegre,  RS,  Brasil 


In  this  contribution  we  study  the  effects  of  post  a-bombardment  on 
the  dissolution  and  reprecipitation  of  carbonitrides  present  in  N2  im¬ 
planted  martensitic  low  carbon  steel  (C  «  0.2  wtX) .  The  characteriza¬ 
tion  of  the  precipitates  is  done  via  Conversion  Electron  MBssbauer 
technique  (CEMS) .  In  a  first  step  the  steel  sample  is  implanted  with  N2 
at  an  energy  of  150  keV  and  total  fluence  $  ■  2x10*7  at/cm1,  forming 
t-Fe2N  precipitates  with  60*  of  the  normalized  CEMS  spectral  area.  Then, 
the  sample  is  annealed  at  400  °C  resulting  in  the  complete  transform¬ 
ation  of  the  original  £-Fe2N  into  the  C-Fej(CN)  carbonitrate .  Subse¬ 
quent  irradiation  of  the  annealed  sample  with  a  particles  (Ea  *  25  keV 
and  4  m  7x10*5  at/cm’),  results  in  a  total  dissolution  of  the  carboni- 
tride  and  reprecipitation  of  the  N,  forming  a  high  concentration  (50Z) 
of  e-Fe2+x(CN).  Further  annealing  of  the  a-bombarded  sample  at  450  °C 
transforms  completely  the  G-Fe2+X(CN>  into  C-Fe3(CN).  At  this  tempera¬ 
ture  still  remains  a  large  quantity  of  precipitates  (-22Z).  Finally, 
after  annealing  at  500  °C  the  CEMS  spectrum  shows  only  the  characteris¬ 
tic  sextet  of  martensitic  steel  indicating  complete  dissolution  of  the 
precipitates.  We  have  changed  the  a  implantation  fluence  between  10'** 
and  7x10*5  at/cm! .  For  the  lowest  fluence  both  precipitates  already  co¬ 
exist,  while  for  increasing  a  fluence  there  is  a  gradual  transformation 
of  the  a-Fe^fCN)  into  Fe2+X(CN).  Finally,  we  show  that  the  dissolution 
and  reprecipitation  are  independent  of  the  a  particle  energy  in  the 
range  from  25  to  150  keV,  but  the  retention  of  the  precipitates  at 
450  °C  strongly  depends  on  the  presence  of  a  particles  in  the  im¬ 
planted  region. 

The  a-bombardment  of  a  sample  containing  the  original  £-Fe2N  (that 
is, before  the  400  °C  annealing  which  transforms  C-FegN  into  e-Fe3(O0) 
does  not  produce  any  effect,  but  further  annealing  of  this  sample  up  to 
450  °C  6hows  a  much  lower  (4Z)  presence  of  the  e-Fej(CN)  carbonitrides. 

From  the  above  experiments  we  conclude  that  the  dissolution  and 
reprecipitation  of  nitrides  or  carbonitrides  by  a-bombardment  is 
strongly  dependent  of  the  type  of  precipitate  present  in  the  sample. 

In  addition  the  retention  of  the  precipitates  depends  on  the  thermal 
and  irradiation  story  of  the  sample. 

•Permanent  address:  Institut  de  Physique  Nucleaire,  Universite  Claude 
Bernard,  Lyon,  France, 
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COMPOSITION  CHANGES  WITH  BOMBARDED  ALLOYS 
Roger  Kelly 

IBM  Research  Center,  Yorfctown  Heights, 

NY  10598,  U.S.A. 

The  understanding  of  composition  changes  with’ 
bombarded  alloys  in  1984  was  that  the  changes 
correlated  badly  with  mass  differences,  in  sense 
but  not  magnitude  with  binding  energy  differences, 
and  in  sense  (but  not  necessarily  magnitude)  with 
surface  segregation-  A  role  for  segregation  was 
proven  only  when  appropriate  composition-depth 
profiles  were  found- 

The  progress  since  1984  has  included 
recognizing  that  segregation-related  profiles  are 
normal,  that  angular  distributions  give  similar 
information,  and  that  segregation  explains  not  only 
the  sense  but  also  the  magnitude  of  composition 
changes. 

A  persistent  problem  was  explaining  how  the 
driving  force  for  segregation,  typically  of  order 
0.1  eV.  could  have  relevance  to  a  violent  particle 
bombardment-  This  problem  is  not  unique  to 
segregation,  but  also  arises  in  attempts  to  relate 
atomic  mixing  with  metallic  systems  to  the  heats  of 
mixing  and  to  relate  composition  changes  with 
oxysalts  to  the  heats  of  formation.  The  answer  to 
all  this  work  appears  to  lie  in  the  existence  of 
significant  post-cascade  atom  movement,  identified 
both  experimentally  and  in  computer  simulation. 
This  movement  was,  however,  specially  shown  to  lead 
to  segregation. 
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X-RAY  STUDIES  OF  NOBLE  GAS  INCLUSIONS  IN 
ALUMINUM  SINGLE  CRYSTALS . 
by 

L.  Graabaek  and  J.  Bohr 

Physics  Department  RIS0  National  Laboratory,  DK-4000  Roskilde, 

Denmark 

and 

E.  Johnson,  H.  H.  Andersen,  A.  Johansen  and  L.  Sarholt- 

Kris  tensen 

Physics  Laboratory,  H.  C.  0rsted  Institute,  Un ive rsi te tspa rken 
5,  DK-2100  Copenhagen  0,  Denmark. 

Crystalline  krypton  and  xenon  inclusions  in  (111)  cut 
aluminum  single  crystals  were  produced  by  ion  Implantation  at 
room  temperature  and  analysed  by  x-ray  diffraction.  The  figure 
shows  an  x-ray  diffraction  scan  along  the  (111)  specular 
direction  of  the  as  implanted  sample.  In  addition  to  the  (111) 


Bragg  peak  of  the  aluminum  crystal,  there  is  a  distinct 
although  weak  (111)  peak  originating  from  the  crystalline 
krypton  inclusions,  which  are  oriented  epitaxially  with  the 
aluminum  matrix.  One  of  the  Kr  implanted  samples  (implanted  to 
a  fluence  of  2  1020  Kr*  m-2,  at  200  keV)  was  snnealed  at  600  K 
and  subsequently  cooled  to  14  K,  the  diffraction  data  revealed 
that  there  had  been  a  considerable  growth  of  the  crystallites 
during  the  anealing,  a  rough  size  estimate  tells  us  that  the 
mean  size  at  14  K  was  2.4  nm  before  and  4.2  nm  after  the 
anealing.  The  data  are  at  pressent  analysed  to  get  a  more 
detailed  knowledge  of  the  size  distribution  of  the 
crystallites.  In  an  aluminum  sample  Implanted  with  Xe  to  a 
fluence  of  2  1020  Xe+  m"2  at  an  energy  of  131  keV  we  find  a 
mean  size  of  3.2  nm  for  the  Xe  inclusions  in  the  as  implanted 
samp le . 

We  are  planing  to  do  a  similar  analysis  on  an  aluminum 
single  crystal  implanted  with  lead,  as  this  system  is  also 
expected  to  phase  separate.  Electron  microscopy  data  show  that 
the  lead  Inclusions  are  facetted  and  aligned  epitaxially  witi 
the  alluminum  matrix  (ref.  1). 

1.  P.  A.  Thackery  and  R.  S.  Nelson  Phil.  Mag.  19  (1969)  169* 
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DYNAMIC  MIXING  AND  ITS  APPLICATION  IN  IMPROVING  THE 
INTERFACE  ADHESION 

Wen-Zhi  Li.  Liao  Yi.  Fu-znai  Cui  and  Heng-De  Li 
Department  of  Engineering  Physics, Tsinghua  University 
Beijing,  China 


ABSTRACT 

This  paper  presents  a  brief  summary  of  the  approaches  of  improving  the 
adhesive  strengh  between  a  thin  film  and  a  substrate  by  ion  bombardment 
and  experimental  results  obtained  recently.  It  is  found  that  the 
adhesion  of  the  thin  film  deposited  on  a  substrate  depends  on  interface 
atom  mixing  and  that  dynamic  recoil  mixing  is  a  good  method  to  enhance 
the  adhesion.  In  order  to  predict  the  correlation  between  the 
experimental  parameters  and  the  thickness  of  intermixed  layer,  A  Monte 
Carlo  code  of  dynamic  mixing  for  simulating  the  process  of  concurrent 
ion  bombardment  during  thin  film  deposition  has  been  developed.  The 
simulation  results  indicate  that  the  amount  of  mixing  atoms  increases 
with  the  ion  energies.  However,  a  saturation  behavior  is  found  at  high 
energies.  The  ion-to-atom  arrival  ratio  and  the  mass  of  projectiles  are 
also  the  important  factors  influencing  the  interfacial  mixing.  It  is 
expected  that  an  appropriate  selection  of  the  experiment  parameters, 
such  as  ion  energy,  ion/atom  arrival  ratio,  etc.  may  be  of  significance 
to  modify  the  adhesive  property  by  dynamic  recoil  mixing. 
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TITANIUM  IMPLANTATIONS  INTO  A  HIGH  SPEED  STEEL 
DISTRIBUTION  PARAMETERS  AND  OEMS  CHARACTERIZATION 


M.A.  ELKHAKANI,  H.  JAFFREZIC,  C.  MAREST,  N.  MONCOFFRE^J.  TOUSSET 
Institut  de  Physique  Nucleaire  de  Lyon,  Universite  CLBemard  LYON  l 
43,  Bd  du  11  Novembre  1918  -  69622  Villeurbanne  Cedex  -  France 


The  Z85WDV652  high  speed  steel  w as  implanted  with  110  keV  titanium  ions 

16  17  ~2 

at  20°C  and  with  fluences  varying  between  5.10  and  4.10  Ti.cm  .  For  each 
fluence,  theoretical  distributions  were  calculated  taking  into  account  the  variation 
of  both  the  titanium  concentration  as  a  function  of  depth  and  the  distribution 
parameters  (Rp,  A Rp,  skewness  ,  kurtosis,  sputtering  yield). 

A  comparison  was  made  between  these  results  and  experimental  ones  .  It 
concerns  more  precisely  the  titanium  profiling  using  the  48Ti  (p,y)49V  resonant 
nuclear  reaction  at  1362  keV  with  a  GeLi  detector  and  the  sputtering  yield 
measurements  of  titanium  and  iron. 

Moreover  carbon  and  oxygen  contaminations  were  followed  as  a  function  of 
fluence  thanks  to  the  RBS  technique  at  high  energy.  A  charaterization  of  the 
created  phases  was  performed  with  conversion  electron  Mbssbauer  spectroscopy. 
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NUCLEAR  RESONANCE  ANALYSIS  (NRA)  DEPTH 
PROFILING  OF  Na  IMPLANTED  INTO 
ALUMINIUM  AND  AISI  316  Ti  -  STEEL* > 


by 


M.  Uhrmacher,  A.  Kehrel,  N.  Scapellato,  and  K.P.  Lieb 


II.  Physikalisches  Institut  der  Universitat  Gottingen 
D-3400  Gottingen,  Bunsenstr .7-9 , 

Fed.  Rep.  of  Germany 


ABSTRACT 


Na* -ions  of  250  keV  resp.  450  keV  energy  were  implanted  at 
a  fluence  of  1.5*1017  Na* /cm2  into  2  mm  thick  metallic  targets 
using  the  30  pA  Na-beam  of  the  Gottingen  mass  separated  heavy 
ion  implanter  IONAS.  Due  to  its  large  atomic  radius  Na  is 
nearly  insoluble  in  most  metals.  Therefore  the  implantation  to 
a  maximum  concentration  of  about  9  at%  produces  a  super¬ 
saturated  solid  solution  of  Na  in  the  targets  (polycrystalline 
Al,  Ti-stabilised  austenitic  reactor  steel  AISI  316  Ti) .To 
study  the  thermal  behavior  of  these  solid  solutions  the 
samples  were  annealed  in  a  vacuum  of  4*10- *  mbar  for  30  min  at 
temperatures  up  to  1200  K. 

The  narrow  resonance  in  the  cross  section  of  the 
* 3 Na (p, t) 1  *  Mg  nuclear  reaction  at  309  keV  proton  energy  was 
used  to  scan  the  Na  depth  profiles.  The  high  depth  resolution 
of  this  technique  (typically  50  nm  at  200  nm  depth  in  Al) 
allows  the  observation  of  diffusion  phenomena  at  low  tempera¬ 
tures.  In  the  case  of  the  Al  matrix  Na-precipitation  in  the 
radiation  damaged  zone  was  found  followed  by  Na  outdif fusion . 

The  reactor  steel  AISI  316  Ti  showed  a  more  complex 
temperature  dependence  of  the  observable  Na  content.  For 
comparison  the  annealing  behavior  of  implanted  Na  was  also 
investigated  in  the  individual  steel  components  (Cr,Fe,Ni). 
The  influence  of  structural  TiC  precipitates  will  be  discussed 

*  > Partially  supported  by  the  BMFT  under  contract  13N  5420/7 
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CALCULATION  OF  ION  IMPLANT  DEPTH  PROFILES 
AT  HIGH  DOSE 

by 


A.  J.  Arm ini  and  S.  N.  Bunker 
Implant  Sciences  Corporation 
Danvers,  MA  USA 


ABSTRACT 

Ion  Implantation  at  high  doses,  and  especially  with  heavy 
ions  incident  on  metal  targets,  produces  concentration  profiles 
which  are  markedly  different  from  those  calculated  by  simple 
transport  codes  or  even  Monte-Carlo  codes.  These  effects  are 
caused  by  a  shifting  of  the  profile  due  to  front  surface 
sputtering  as  well  as  a  density,  and  effective  atomic  number 
change  due  to  the  implanted  atoms. 

A  depth  profile  modeling  program  has  been  written  which 
accounts  for  many  of  the  important  effects  present  at  these 
extreme  dose  levels.  These  include  surface  sputtering  at 
arbitrary  angles  of  incidence,  dynamically  changing  effects  due 
to  composition  alteration,  parameter  changes  resulting  from 
compound  formation,  atomic  diffusion,  and  multilayers  of 
elements,  mixtures,  and  compounds. 

The  model  also  includes  rotation  of  cylindrical  samples, 
multiple  implant  summations,  and  skewed  instantaneous  profiles. 
The  basic  distribution  function  is  a  Pearson  I,  IV,  or  VI  type 
as  determined  using  4  moments.  The  first  two  moments 
(projected  range  and  straggling)  are  calculated  using  the 
latest  ZBL  (Ziegler,  Biersack,  Litmark)  stopping  powers,  and 
the  second  two  moments  (skewness  and  kurtosis)  are  calculated 
using  empirical  fits  to  experimented  profile  and  Monte  Carlo 
determinations. 

Predictions  from  the  code  will  be  compared  to  published 
depth  profile  measurements,  and  application  examples  will  be 
given. 
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SPUTTERING  OF  COPPER  CRYSTALS  BY  SOLUBLE/NONSOLUBLE 
METAL  IONS 


by 


L.  Sarholt-Kristensen,  A.  Johansen 
and  E.  Johnson 

Physics  Laboratory,  H,C.  0rsted  Institute 
Universitetsparken  5,  Denmark 


and 


N.  Chechenin 

Institute  of  Nuclear  Physics 
Moscow  State  University,  USSR 


ABSTRACT 


The  aim  of  this  investigation  is  to  elucidate  the  influence 
of  the  solubility  of  the  implanted  ions  on  the  sputtering 
process.  Copper  single  crystals  were  used  as  target  material 
and  bombarded  in  the  <  1 1 X >  direction  with  100  keV  Sn+  ions  or 
150  keV  Pb+-ions  in  a  broad  range  of  fluences.  Lead  is  known 
to  be  insoluble  in  copper,  wheras  tin  corn\:  a  noiii  elution 
with  copper  at  the  concentrations  attainable  under  sputtering 
conditions. 

RBS-analysis  of  the  copper  crystals  show  in  the  case  of  tin 
that  the  surface  concentration  raises  to  a  saturation  value, 
wheras  in  the  lead  case  the  implantation  region  is  nearly 
depleted  of  lead  atoms  at  higher  fluences  (>2,1021m-2) .  How¬ 
ever,  this  strong  difference  in  surface  concentration  is  only 
partly  reflected  in  the  differential  sputtering  yields  of  the 
implanted  ions. 

Scanning  microscopy  of  the  tin  bombarded  surface  shows  only 
a  weak  topography,  whereas  in  the  case  of  lead  bombardments 
the  surface  was  completely  covered  with  rounded  pyramids  of 
predominantly  triangular  shape. 

The  non  solubility  of  implanted  ions  seems  mainly  to  in¬ 
fluence  the  total  sputtering  yield  through  the  creation  of 
a  heavy  surface  topography.  The  angular  distribution  of  the 
sputtered  material  may  indicate  that  the  lead  ions  induce  a 
structural  phase  transformation  in  the  surface. 
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HI -SITU  STUDY  OF  SURFACE  DEFORMATION  FIELDS 
INDUCED  BY  ION  IMPLANTATION 

by 

L.Augulis,  B.  Jasiulionis,  I.Pozela,  L.Pranevicius 
Kaunas  Polytechnic  Institute,  233006  Donelaicio  73, 
Lithuania,  U.S.S.R. 


The  study  of  surface  deformation  during  ion  implanta¬ 
tion  gives  information  about  mechanical  stresses  created 
in  implanted  solids  which  are  mainly  generated  by  defects 
formed  by  penetrating  ions.  The  aim  of  paper  is  to  find 
three  dimensional  distributions  of  mechanical  stresses  in 
solids  as  a  function  of  implanted  ion  type,  energy  and 
intensity  for  materials  with  different  structures. 

The  wide  area  surface  deformation  was  experimentally 
studied  by  laser-interferometric  technique  during  implan¬ 
tation  of  He  and  Ar  ions  with  energies  50-125  keV  into 
silicon  and  metal  wafers.  The  dynamics  of  interferometric 
pictures  registered  during  ion  implantation  by  means  of 
computer  technique  was  translated  to  surface  configuration 
dynamics  in  the  scale  of  real  time  as  a  function  of  dose 
of  implanted  ions.  On  the  base  of  received  experimental 
results  the  model  of  foroat±6n  and  distribution  of  mecha¬ 
nical  stresses  across  the  implanted  samples  is  proposed. 
The  model  includes  two  surface  layers:  the  top  layer  whe¬ 
re  ions  stopping  energy  is  distributed  and  the  layer  ex¬ 
isting  beneath  it  where  the  long  distance  compensating 
mechanical  stresses  are  distributed. 

The  study  of  deformations  immediately  after  implanta¬ 
tion  shows  that  the  redistribution  of  mechanical  stress¬ 
es  is  related  with  the  relaxation  of  implanted  layer. 

Long  distance  effects  as  observation  of  high  densi¬ 
ties  of  dislocations  in  metals  at  depths  20-30  jt  m  from 
surface  and  propagating  acoustic  waves  are  discussed  in 
connection  with  the  transformations  of  distribution  of  me¬ 
chanical  stresses  during  implantation. 
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ION  INDUCED  SURFACE  MODIFICATIONS  OF 
COBALT  CRYSTALS 


by 


A.  Johansen,  E.  Johnson 
and  L.  Sarholt-Kristensen 
Physics  Laboratory,  H.C.  0rsted  Institute 
Universitetsparken  5,  Denmark 


and 


V.  S •  Chernysh 
Electronic  Departement 
Moscow  State  University,  USSR 


ABSTRACT 


The  channeled  sputtering  yields  of  the  hep  and  fee  phases 
of  cobalt  are  dependent  on  the  crystal  structure  and  ion 
induced  damage.  The  aim  of  this  investigation  is  to  explain 
the  influence  of  the  implanted  ion  species  on  the  sputtering 
yield  in  the  hep-phase.  Earlier  measurements  with  Ar+  have 
shown  that  the  channeled  <0001>  sputtering  yields  are 
significantly  higher  than  expected  in  the  temperature  range 
100-3500  c,  presumably  due  to  radiation  induced  damage  and 
ion  induced  hep-fee  phase  transition. 

Sputtering  yields  have  been  measured  using  the  weight  loss 
method,  on  cobalt  single  crystals  bombarded  with  soluble  and 
nonsoluble  ions. 

The  effect  of  radiation  damage  and  the  occurence  of  the 
hep-fee  transition  are  also  studied  by  measuring  the  angular 
distribution  of  the  sputtered  material  and  RBS-analysis  of 
the  Co-crystals  after  bombardement. 
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TEMPERATURE  EFFECTS  ON  ION  IMPLANTED  MICROSTRUCTURES 

D.  I.  Potter,  C.  H.  Koch  and  J.  K.  Steele 
Metallurgy  Department 
School  of  Engineering  and  Institute  of 
Materials  Science,  U-136 
University  of  Connecticut 
Storrs,  CT  06268  USA 

The  temperature  of  Implantation  Influences  several  features  of  Ion 
Implanted  metals  and  alloys.  In  our  1986  SMCIB  presentations,  we  examined 
the  way  temperature  governs  three  specific  features  as  observed  for  N1  , 
SI  and  A1  Implantation  Into  nickel  and  nickel  alloys.  These  features  are 
as  follows: 

1)  The  surface  topography  resulting  from  pit  formation  and  growth. 

21  The  Implanted  Ion  concentration  vs.  depth  profiles. 

3)  The  phases  In  the  Implanted  layers  and  their  stabilities. 

The  temperature  affects  surface  topography  by  altering  the  size  and 
density  of  radiation  produced  voids.  These  voids  nucleate  pits  as  they 
emerge  via  sputtering  at  the  surface.  The  temperature  affects  Ion  concen¬ 
tration  vs.  depth  profiles  by  Influencing  radiation  Induced  segregation, 
recrystalllzatlon  and  subsequent  grain  boundary  diffusion,  and  volume 
diffusion.  The  temperature  affects  phases  and  their  stabilities  In  the 
Implanted  layers  by  controlling  such  processes  as  ordering  of  radiation 
disordered  phases,  and  by  causing  changes  In  microscopically  localized 
solute  concentration  resulting  from  radiation  Induced  segregation. 

Here,  within  the  realm  of  these  temperature  dependent  effects,  we 
emphasize  the  role  of  ion  beam  flux  and  energy.  Specifically,  we  examine 
the  stability  of  precipitate  particles  and  the  magnitude  of  radiation 
Induced  segregation  to  th^  Imolanted  surface,  monitoring  the  early  stages 
of  Implantation  (fluences  <10  ”  lons/cur).  Thus,  N1  ions  with  energies  of 
3.0  MeV  and  others  with  energies  near  180  keV  were  Implanted  Into  N1-12.7 
at.%  SI  and  N1-12.8  at.%  Al.  Both  alloys  cpntalned  ordered  precipitates* 
Ion  fluxes  at  3  MeV  were  near  101£  lons/cm  s,  and  between  101*  and  10  0 
lons/cm  s  at  180  keV.  Temperatures  in  each  case  were  Investigated  from 
200 °C  to  800°C. 

Results  to  date,  available  only  at  3.0  MeV,  show  precipitate  re¬ 
structuring  occurs.  Existing  precipitates  are  eliminated  and  replaced  by 
others,  a  result  of  dislocation  loops  nucleating  at  particle/matrix  Inter¬ 
faces  and  subsequent  radiation  Induced  segregation  of  elements  to  these 
loops.  The  segregation  Is  slight  at  temperatures  below  300°C,  reaches  a 
maximum  near  550°C,  and  diminishes  at  higher  temperatures.  The  results  of 
similar  investigations  for  lower  energy  Ions,  and  as  a  function  of  flux  at 
these  lower  energies,  will  be  presented  and  compared  with  the  3.0  MeV 
results. 
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EXPERIMENTAL  AND  THEORETICAL  DEVELOPMENTS  IN  ION  BEAM 
INDUCED  AMORPHIZATION 

P . M . OSS I  #4 

*  Istituto  di  Ingegneria  Nuclear©  -  CESNEP  -  Politecnico  di 
Milano,  via  Ponzio  34/3,  20133  Milano,  Italy. 

$  Units'  CISM  -  MPI  di  Trento.  38050  Povo  -  TN .  Italy. 


Energetic  particle  bombardment  of  thin  evaporated  films  on 
solid  substrates  provides  a  typical  case  of  crystal  -  glass 
transition  in  which  the  system,  which  is  externally  driven,  may 
be  far  from  thermodynamic  equilibrium.  Changes  in  the  near 
surface  layers  through  which  ions  travel  are  caused  both  by 
their  very  presence,  in  the  case  of  chemically  active  species, 
and  by  the  degree  of  damage  induced  during  the  slowing  down 
processes-  Relaxation  of  collision  cascades  has  dramatic 
effects.  which  eventually  result  in  tODOlogical,  or  chemical 
disordering  of  the  matrix:  the  extreme  case  of  amorphi zat ion 
depends  on  the  complicated  interplay  of  various  factors.  such 
as  principally  ion  characteristics.  temperature  and  target 
nature-  In  this  wort  critical  experiments,  both  regarding  ion 
implantation  and  ion  mixing  are  considered.  with  the  aim  to 
identify  important  features  in  this  class  of  glass  formation 
processes.  In  particular.  the  currently  active  research  on 
quasicrystalline  materials  offers  new  suggestions  about  the 
crystal  -  glass  transition,  the  relative  stability  of  amorphous 
phases  and  their  relation  to  crystalline  ones-  The  existence 
of  chemical  short  range  order  in  heavily  disordered  metal 
glasses  constitutes  an  experimental  basis  upon  which  on  one 
side  structural  models  have  been  constructed  and  on  the  other 
plausible  amorph i zat i on  mechanisms  and  paths  were  proposed- 
Results  obtained  in  the  framework  of  a  recent  interpretative 
model  of  glass  nucleation  are  presented  for  various  types  of 
metallic  systems  undergoing  phase  changes  under  ion 
bombardment . 
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SURFACE  METALLURGY  WITH  HIGH  ENERGY  HEAVY  ION  BEAMS 

M.Z. Vasconcellos  ,  S. R. Tei xei ra  ,  P. H. Di oni sio  ,  W.  H.  Schreiner 

and  I . J. R. Baumvol 
Instituto  de  FTsica  -  UFRGS 
91500  Porto  Alegre  -  RS 
Brazil 

High  energy  noble  gas  ion  beams  are  currently  used  to 
induce  the  formation  of  specific  surface  alloys  from  vacuum 
deposited  multilayered  thin  film  structures  on  metallic  or 
insulating  engineering  components. 

We  discuss  in  this  paper  the  formation  of  metastable 
and  stable,  quas i crys ta 1 1 i ne  and  crystalline  phases  of  the 
Fe-Al  thin  film  bilayer  system  formed  on  the  surface  of  insu¬ 
lating  substrates  by  means  of  high  vacuum  furnace  annealing, 
ion  bombardment  of  the  bilayer  interface  and  the  simultaneous 
combination  of  these  two  metallurgical  treatments. 
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PHASE  FORMATION  DURING  ION-BEAM  MIXING 
OF  TRANSITION-METAL  MULTILAYERS 

L-U.  Aaen  Andersen,  J.  B0ttiger,  K.  Dyrbye, 

K.  Pampus,  and  R.  Poulsen 
Institute  of  Physics,  University  of  Aarhus 
DK-8000  Aarhus  C,  Denmark 

Evaporated  films  of  alternating  layers  of  early  and  late 
transition  metals  have  been  ion-beam  mixed  with  inert-gas  ions 
for  the  study  of  the  phase  formation  during  ion  irradiation.  The 
mixing  was  performed  with  500-keV  Ar*  and  Xe*  which  fully  pene¬ 
trate  films  of  thickness  *800  A.  The  microstructure  was  investi¬ 
gated  by  transmission  electron  microscopy  and  x-ray  diffraction. 
The  homogeneity  and  composition  were  checked  by  Rutherford-back- 
scattering  spectrometry. 

Glass-forming  ranges  of  several  binary  systems  were  studied 
as  a  function  of  composition,  temperature  (30-750K),  and  ion 
mass.  Besides  the  amorphous  phase,  extended  terminal  solid  solu¬ 
tions  and,  at  higher  temperatures,  some  unidentified  compounds 
were  observed.  The  measured  glass-forming  ranges  will  be  dis¬ 
cussed  in  relation  to  thermodynamic  parameters  such  as  the  heat 
of  mixing  and  equilibrium  solid  solubilities.  Furthermore,  the 
ion-beam  mixing  amorphization  ranges  are  compared  with  corre¬ 
sponding  ones  obtained  by  other  techniques.  Finally,  amorphiza¬ 
tion  mechanisms  in  play  during  ion-beam  mixing  are  discussed. 
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MIXING  AND  ANNEALING  EFFECTS  IN  THE  Kr- IRRADIATED  Fe-Pd  SYSTEM 

by 

G.  Battaglin  and  S.  Lo  Russo 
UnitA  GNSM-CISM,  D ipar t imento  di  Fisica,  Via  Marzolo  8, 
35131  Padova,  Italy 

and 

G.  Principi 

Dipartimento  di  Ingegneria  Meccanica,  Sezione  Materiali, 

Via  Marzolo  9,  35131  Padova,  Italy 


ABSTRACT 

Bilayers  consisting  of  30t35  no  thick  layers  of  Pd  on  top  of 
a  45  nm  thick  layer  of  Fe  were  sequentially  electron-gun  evapo¬ 
rated  onto  oxidized  Si  substrates.  To  avoid  sputtering  effects, 
a  thin  layer  of  C  about  5  nm  thick  was  evaporated  on  top  of  the 
samples.  Ion  mixing  was  performed  at  room  temperature  at  doses 
around  2.5xl016  cm'2  of  200  keV  Kr**.  The  depth  distribution 
profiles  of  the  different  elements  in  the  samples  were  measured 
by  1.8  MeV  4He*  Rutherford  backscatter ing  (RBS). 

Near  the  surface  RBS  shows  the  presence  of  a  region  in  which 
the  Ffe  concentration  changes  smoothly  from  about  25  at.*  at  the 
surface,  to  40  at.*  in  depth,  suggesting  the  possible  formation 
of  well  defined  Fe-Pd  phases  which  will  be  identified  by  X-Hay 
Diffraction,  Conversion  Electron  Mossbauer  Spectroscopy  and 
Transmission  Electron  Microscopy. 

At  larger  depths  there  is  a  region  in  which  the  concentrat¬ 
ion  gradients  are  very  steep. 

Samples  were  annealed  in  the  temperature  range  300^600'C  in 
forming  gas.  We  observed  that  the  situation  reached  after  irra¬ 
diation  is  stable  up  to  a  temperature  of  400’C,  while  in  the 
unirradiated  samples  a  diffusion  of  Fe  in  Pd  takes  place  even 
at  300’C.  At  temperatures  highei  than  500"C  both  the  unirradin- 
ted  and  ion  mixed  samples  form  a  surface  region  with  the  same 
equilibrium  composition:  FePd. 
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DETALED  ANALYSIS  OF  THE  AMORPHZATION  PROCESS 
W  ION-BOMBARDED  METALLIC  ALLOYS 


by 


L.  ThonA,  A.  Benyagoub,  and  F.  Pons 
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and 
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DApartement  de  Recherche  Fondamentale,  C.E.N.  85X, 

38041  Grenoble  Cedex,  France. 


ABSTRACT 


A  model  of  amorphlzatlon  of  crystalline  metallic  alloys  by  Ion 
bombardment  has  been  recently  proposed  [lj.  This  model  Is  based  on  the 
assumption  that  amorphlzatlon  occurs  via  the  formation  of  small 
amorphous  clusters  as  soon  as  a  given  short-range  order  and  a 
threshold  defect  concentration  are  locally  reached.  All  available 
results  are  borderline  cases  where  either  the  chemical  short-range 
order  (Ion  Irradiation  experiments)  or  the  threshold  disorder  (ion 
Implantation  experiments)  are  already  (or  rapidly)  established.  The 
pQrpose  of  the  present  work  Is  to  check  the  necessity  of  the 
occurrence  of  these  two  conditions  In  the  amorphlzatlon  process. 

A  partially  amorphous  Nl-B  alloy  (with  a  fraction  of  amorphous 
volume  «  “  0.5)  has  been  prepared  by  low  temperature  B  Ion 
Implantation,  heated  above  the  crystallization  temperature  and  then 
Irradiated  with  low  B  ion  fluences  In  order  to  study  the  disordering 
kinetics.  The  channeling  technique  was  used  to  monitor  the 
amorphlzatlon  process. 

The  results  show  that  a  phase  separation  (mixture  of  amorphous 
Nl-B,  crystalline  Ni  and  N1  B)  occurs  during  annealing.  Under 
subsequent  B  Irradiation,  the3Ni  B  phase  turns  amorphous  with  a 
kinetics  similar  to  that  obtained  In  pure  Nl  B  single  crystals  [2], 
while  the  Nl  phase  stays  crystalline  up  to  B3fluences  such  that  the 
chemical  effect  due  to  the  presence  of  B  atoms  in  the  Irradiated  layer 
becomes  Important. 


i 

ID  A.  Bcnyagoub  and  L.  ThomA,  to  be  published  (1988). 

[2]  A.  Boriyagoub,  J.C.  Plvln,  F.  Pons  and  L.  ThomA,  Phys.  Rev.  B  34, 

4464  (1986).  | 


50 


B-7 


AMORPHIZATION  PROCESS  IN  Mn  IMPLANTED  A1  THIN  FILMS  AND  SINGLE  CRYSTALS: 
EFFECTS  OF  STRAINS  AND  TARGET  TEMPERATURE 


by 

A.  Seidel,  S.  Massing,  B.  Strehlau,  G.  Linker 
Kernforschungszentrum  Karlsruhe 
Institut  fUr  Nukleare  Festkdrperphysik 
P.O.B.  3640,  D  -  7500  Karlsruhe,  FRG 


ABSTRACT 


The  amorphizatlon  of  A1  thin  films  and  single  crystals  by  Mn  implanta¬ 
tion  at  LNT  and  RT  was  studied  by  X-ray  diffraction,  Rutherford  backscat- 
terlng  and  channeling  experiments.  Structural  changes,  the  lattice  site 
occupation  of  the  implanted  Mn  atoms,  static  displacements  of  the  lattice 
atoms,  the  ion  implantation  induced  reduction  of  grain  size,  and  the  accu¬ 
mulation  of  strain  could  be  directly  observed  as  a  function  of  Manganese 
concentration.  For  the  LNT  Implants  it  was  found  that  at  low  Mn  concentra¬ 
tions  (<  5  at*)  the  impurities  occupy  mainly  substitutional  lattice  sites 
(fs  *  90%).  In  this  concentration  range  the  atomic  size  mismatch  leads 
to  static  displacements  of  the  host  lattice  atoms.  Measurements  further 
suggest  that  the  regions  in  the  Immediate  vicinity  of  the  Mn  impurity 
atoms  are  severely  distorted.  When  the  local  Mn  concentration  and  thus 
the  local  distortions  exceed  a  threshold  value,  the  matrix  becomes  un¬ 
stable  and  amorphous  clusters  are  formed  throughout  the  sample.  The  criti¬ 
cal  local  Mn  concentration  for  amorphizatlon  was  found  to  be  Cr=8.5  at% 
and  the  minimum  volume  of  the  amorphous  clusters  vc  =  2  x  10~2T  cm1  which 
is  the  volume  of  a  sphere  with  a  radius  of  3  Interatomic  distances. 

The  RT  Implants  showed  a  drastically  reduced  solubility,  small  lattice 
parameter  changes  and  negligible  homogeneous  strains.  Moreover,  a  nonzero 
amorphous  fraction  Is  observed  at  very  small  Mn  concentrations,  i.e.,  no 
threshold  effect  is  observed  in  the  amorhization  curve. 

The  differences  of  the  amorphizatlon  process  compared  to  the  LNT  case 
aredlscussed  in  terms  of  thermally  activated  short-range  migration  of  Mn 
atoms  which  leads  to  the  formation  of  amorphous  clusters  and  to  a  relaxa¬ 
tion  of  strains  at  smaller  Mn  concentrations. 
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TEMPERATURE  DEPENDENCE  OF  AMORPHI ZATION  AND  PRECIPITATION  PROCESSES 
IN  Ni*  AND  N*  IMPLANTED  Ni.Tii-,  ALLOYS 

by 
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ABSTRACT 


Superficial  amorphization  and  TiN  precipitation  in  N*  implanted  NisoTiso 
alloys  are  known  to  dramatically  improve  their  tribological  properties.  This 
improvement  is  very  dependent  on  the  ion  fluence  and  the  implantation 
temperature.  To  determine  the  influence  of  these  parameters  on 
amorphization  and  precipitation  in  ion  implanted  NiiTii-*  alloys  (x=0.3,  0.43, 
0.5,  0.56,  0.68)  an  extensive  TEM  microstructural  characterization  of  the 
implanted  layer  is  in  progress. 

Here,  we  will  present  the  first  results  of  this  study. 

N*  and  Ni*  (without  chemical  interaction  with  the  target)  implantations  are 
performed  at  various  temperatures  from  77  K  to  575  K,  and  at  several 
fluences,  from  1013  to  5x1015  ions/cm*  for  Ni*  and  from  101*  to  1017 
ions/cm2  for  N*. 

i —  For  250  keV  Ni*  implantation  the  full  amorphous  concentration  range 
is  only  0.4  <  x  <  0.6  at  77  K,  even  for  the  higher  fluences,  whereas  it  is 

0.25  <  x  <  0.7  for  room  temperature  co-sputtered  Ni— Ti  films. 

For  0.25  <  x  <  0.4  and  0.6  <  x  <  0.7  Ni— Ti  crystallites  are  embedded  in  the 

amorphous  layer;  it  is  never  fully  amorphized,  even  at  77  K  and  for  high 
fluences  such  as  5x1015  ions/cm2,  equivalent-  to  an  average  value  of  10 
d.p.a..  When  the  fluence  increases  the  amorphized  volume  fraction  increases 
to  reach  a  limit  which  is,  at  77  K,  approximately,  75*  for  0.25  <  x  <  0.4  and 
35*  for  0.6  <  x  <  0.7.  This  limit  indicates  that,  even  at  77  K,  local 

reordering,  enhanced  or  even  induced  by  irradiation,  competes  with  ballistic 
disordering  in  the  cascades.  At  higher  temperatures,  an  irradiation  enhanced 
homogeneous  cristallization  process  occurs  such  that,  for  all  the 
concentrations,  the  Ni*  implanted  Ni— Ti  specimens  are  crystalline  beyond  500 
K.  This  temperature  is  at  least  200  K  lower  than  the  thermal  crystallisation 
temperature. 

it—  160  keV  N*  implantation  with  a  fluence  of  1017  ions/cm2  performed 
between  77  K  and  500  K  induces  superficial  amorphization  and  TiN 

precipitation.  We  show  that  these  precipitates  embedded  in  the  amorphous 
layer  are  oriented  when  the  amorphisation  reaction  starts  after  the 
formation  of  the  first  epitaxial  precipitates  in  the  crystalline  substrate.  This 
behavior  happens  at  high  temperatures,  but  also  at  77  K. 

These  two  results  show  that,  even  at  low  temperature,  reordering  and 
interstitial  migration  which  leads  to  TiN  precipitation,  can  locally  occur  in 
the  cascades  through  a  low  activation  energy  process  (maybe,  even  athermal) 
when  strong  driving  forces  are  present. 
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TARGET  TEMPERATURE  DEPENDENCE  ON  TITANIUM  OXIDE  FORMATION 
BY  HIGH-DOSE  OXYGEN  ION  IMPLANTATION  INTO  TITANIUM  SHEETS 

Yoshio  OKABE*,  Masaya  IWAKI,  and  Katsuo  TAKAHASHI 

RIKEN (The  Institute  of  Physical  and  Chemical  Research),  2-1, 
Hirosawa,  Wako,  Saitama,  351-01,  Japan. 

*  Saitama  Institute  of  Technology,  Okabe,  Oosato-gun,  Saitama, 
369-02,  Japan. 

A  study  has  been  made  of  formation  process  of  titanium 
oxide  buried  in  titanium  surface  by  0+-implantation  with  high 
doses.  Ti  sheets  were  implanted  with  150  keV  02  +  beam  density 
of  1  -  2 ywA/cm2  with  doses  of  2x1 01 7  to  2x1 01  8  0+/cm2  at  the 
target  temperature  of  -50  ° C  and  room  temperature  during  ion 
implantation.  X-ray  diffraction  patterns  of  0+-implanted  Ti 
sheets  were  measured  to  estimate  the  formation  of  titanium 
oxides.  In  the  case  of  room  temperature  implantation,  X-ray 
diffraction  patterns  show  TiO  formation  under  the  dose  of 
6x1 01 7  0+/cm2  and  show  formation  of  only  rutile  Ti02  ir. 
exchange  of  TiO  over  the  dose  of  IxlO18  0+/cm2.  On  the  other 
hand,  at  the  target  temperature  of  -50  ° C,  X-ray  diffraction 
patterns  show  TiO  formation  even  at  the  dose  of  IxlO1®  0+/cm2, 
at  which  the  rutile  TiOj  was  formed  in  the  case  of  room 
temperature  implantation.  These  results  show  that  the 
structure  change  from  TiO  to  rutile  was  not  observed  in  the 
case  of  low  temperature  implantation.  This  means  that  the 
rutile  structure  formed  by  ion  implantation  was  induced  by  not 
only  the  oxygen  atom  injection  but  also  the  thermal  effect 
during  ion  implantation.  It  is  summarized  that  the  structure 
of  titanium  oxide  was  able  to  be  controlled  by  the  target 
temperature  during  ion  implantation. 
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T.E.M.  STUDY  OF  AMORPHIZATION  AND  PRECIPITATION 
IN  Ni*  IMPLANTED  ALUMINIUM 

M.F.Denanot,  O.Popoola  and  P.Moine 

Laboratoire  de  M6tallurgie  Physique, 
U.A.131  CNRS,  Poitiers  Cedex  (France) 


We  present  here  a  part  of  an  extensive  investigation  on  ion 
implantation  improvement  of  aluminium  alloys  surface  properties.  This  part 
is  devoted  to  amorphization  and  precipitation  in  Ni*  implanted  aluminium. 

For  fluences  between  8.10“  and  2.1017  Ni'cm*2,  low  current  ion 
implantation  (I<2pAcm-1)  induces  a  thin  amorphous  layer  which 

recrystallizes  at  200°C,  with  fine  disoriented  precipitates.  On  further 
heating,  a  progressive  coalescence  of  the  precipitates  was  observed  until  a 
limit  size  of  about  0.22pm  was  reached  at  450°C  . 

For  high  current  Ni*  implantation  (I<10pAcnr2 )  and  the  same  fluences, 
a  new  AlgjNiu  precipitate  phase  was  found  in  epitaxy  with  a  supersatured 
AluNij  solid  solution.  These  two  phases  have  a  f.c.c.  structure.  There  is 
a  slight  compression  along  one  of  the  <001>  axis  of  the  precipitate 
structure.  The  epitaxial  relationships  between  the  precipitates  (p)  and  the 
solid  solution  matrix  ( m )  are  : 

(001]P  //  [001]* 

(040) P  //  (240). 

Convergent  Beam  Electron  Diffraction  (CBEK)  analyses  show  that  the 
solid  solution  has  the  3m  symmetry  of  aluminium.  The  exact  symmetry  of  the 
precipitate  phase  is  yet  to  be  determined. 
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INFLUENCE  OF  ION  BEAM  IRRADIATION  ON  THE  SUPERCONDUCTING  AND  STRUCTURAL 
PROPERTIES  OF  THE  HIGH-TC  OXIDES  THIN  FILMS 
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ABSTRACT 


Thin  films  of  the  high-Tc  superconducting  oxides  LaSrCuO  and  YBaCuO, 
which  have  been  prepared  by  dc-  and  rf-magnetron  sputtering  on  single 
crystalline  AI2O3,  SrTi03,  Zr02  substrates  have  been  irradiated  at  diffe¬ 
rent  temperatures  (RT,  fcN2,  fcHe)  with  various  ions.  The  interest  in  these 
experiments  concentrated  on  the  sensitivity  of  Tc  to  defects,  the  defect 
structure,  correlation  of  Tc  with  resistivity,  annealing  effects  and  phase 
transitions. 

The  results  show  that  Tc  is  highly  sensitive  to  irradiation  induced  de¬ 
fects.  The  defects  appear  to  be  of  collisional  nature.  The  effects  on  Tc 
and  the  normal  conducting  properties  are  strongly  fluence  dependent.  At 
low  fluences  (<10l6  H+/cm*)  the  resistivity  increases  without  affecting  Tc. 
Medium  fluences  (~3*10l6  H+/cm*)  in  addition  lead  to  Tc  depressions.  The 
shape  of  the  modified  transition  curves  (behaviour  of  onset,  midpoint  and 
zero  resistance  point),  however,  depend  on  the  quality  (homogeneity)  of 
the  films.  At  high  fluences  (-1*101'  H+/cmJ)  a  partial  transition  to  a 
semiconducting  phase  is  observed.  X-ray  diffraction  experiments  suggest 
that  defects  affecting  Tc  are  mainly  due  to  displacements  on  the  oxygen 
sublattices.  Amorphization  is  observed  by  heavy  ion  irradiation  leading 
to  the  displacement  of  equal  amounts  of  atoms  on  all  sublattices  as  detec¬ 
ted  by  channelling  measurements  on  epitaxially  grown  single  crystalline 
films. 
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SOLID  RARE  GAS  BUBBLES  IN  METALS  PROBED  BY  MOSSBAUER  NUCLEI 

by 

H.  Pattyn,  J.  Odeu.'s  and  S.  Bukshpan 

Instituut  voor  Kern-  en  Strallngsfysika,  University  of  Leuven,  B-3030 

Leuven,  Belgium 

Heavy  rare  gases  Implanted  to  a  high  dose  In  metals  tend  to  precipitate 
and  form  ‘bubbles'.  Several  recent  studies  deduced  the  high  pressure  of 
these  bubbles  from  measurements  of  the  lattice  constant.  Some  Mbssbauer 
nuclei,  like  S7Co,  have  an  Isomer  shift  that  is  rather  sensitive  to  the 
local  pressure  and,  through  their  recollless  fraction  and  quadrupole 
interaction,  are  very  interesting  probes  for  pressure  and  pressure  induced 
effects. 

Me  utilized  57Co  atoms  In  A1  and  Mo,  previously  Implanted  with  2.1016  Kr 
atoms  per  cm2,  and  observed  two  unique  sites:  a  first  one,  with  a  low 
recollless  fraction  and  not  previously  observed,  which  we  could  Identify  as 
an  interface  position  on  the  Internal  walls  around  the  bubbles;  the  second 
one  was  on  a  substitutional  metal  lattice  position.  The  latter  site  was  a 
direct  probe  of  the  Internal  pressure  of  the  metal  lattice,  which  had  a 
clear  dependence  on  the  annealing  temperature  and  reached  a  maximum  of 
about  77-  kbar  after  a  500  K.  The  pressure  at  the  Interface  site  followed 
the  same  trend  as  a  function  of  the  annealing  temperature,  but  with  reduced 
Intensity.  Measurements  Inside  the  solid  bubbles,  using  the  83Kr,  125mTe 
and  133xe  isotopes,  are  underway. 
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SURFACE  DEFORMATIONS  BY  HIGH  DOSE  MeV  ENERGY 
He,  Ne  AND  Ar  IONS 

by 


F.  Paszti 

Central  Research  Institute  for  Physics 
H-1525  Budapest,  P.O.Box  40,  Hungary 

ABSTRACT 

In  future  thermonuclear  reactors  MeV  energy  He  ions 
will  hit  the  first  wall  of  the  device,  while  energetic 
neutrons  will  be  destroying  its  crystal  lattice.  The 
scope  of  this  paper  is  to  offer  a  short  review  on  the 
connected  research  in  our  institute. 

He  ions  in  the  .0  -  3.5  MeV  energy  range  were 

Implanted  into  various  pol ycr ystall lne  materials  as  well 
as  single  crystal  silicon  wafers  and  amorphous  metallic 
glasses.  Due  to  the  accumulated  He  gas  the  layer  above 
the  projected  range  flaked  off  or  blistered  in  accordance 
with  the  implantation  energy  and  sample  temperature.  In 
several  experiments  the  He  rich  zone  of  the  exfoliated 
layer  as  well  as  the  remaining  bulk  material  suffered 
secondary  surface  deformations  of  a  similar  kind.  It  was 
pointed  out,  that  before  flaking  the  induced  high  lateral 
stresses  caused  a  regular  periodical  rippling  of  the 
implanted  layer  in  the  case  of  homogenous  materials. 

Implantations  of  wide  energy  distribution  showed,  that 
the  detaching  process  initiates  at  the  depth  of  maximal 
He  concentration. 

To  model  the  effect  of  simultaneous  radiat.'.on  damage, 
heavier  noble  gases  were  also  applied.  The  energy  of  the 
Ne  and  Ar  ions  were  between  .3  and  1.4  MeV.  In  this  case 
the  rippling  in  the  implanted  layer  appeared  right  on  the 
surface  too.  The  radiation  enhanced  and  stress  oriented 
diffusion  led  to  high  cylindrical  blisters  in  the  case  of 
1.4  MeV  Ne  implanted  single  crystal  Si. 
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TEH  study  of 


the  Kicrostructures  of 


Ion  Implanted  Steels 


Cai  Guangjun,  Jin  Zhuqing,  Chen  Yuanru 
Materials  Engineering  Department 
Southwestern  Jiaotong  University 
Emei,  Sichuan,  China 


and 


2hang  Guoliang 

Institute  of  Low  Energy  Nuclear  Physics 
Beijing  Normal  University 
Beijing.  China 


MIcrostructural  changes  occurring  after  N*--  or  Arr  -implantation 
on  ferritic  and  austenitic  steels  are  investigated  using  the  TEM 
technique.  In  the  case  of  N+  implanted  ferritic  steels,  it  is 
observed  that  the  near-surface  region  gets  cracked  into 
polycrystals.  The  implanted  layer  has  laminar  structure  with 
dispersed  voids  and  t-Fe^^N  precipitates.  In  the  case  of  Ar* 
implanted  austenitic  steels,  many  dislocation  lines  are  observed. 
The  qualitative  understandings  of  the  above  microst ructural 
changes  are  discussed  in  this  paper. 
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DIFFERENT  CRYSTALLLINE  STRUCTURES  OF  RU-RICH  METASTABLE 
PHASES  FORMED  BY  ION  BEAM  MIXING  OF  THE  BINARY  SYSTEMS 
AG-RU  AND  AU-RU 


by 
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and 
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Instltut  fflr  Festkdrperforschung.  Kernforschungsanlage  Jflllch, 
D-5170  Jflllch,  FRG 


ABSTRACT 


Multilayered  samples  of  binary  metal  systems  were  prepared  by 
UHV-deposition  of  the  pure  elements  onto  glass  and  rocksalt 
substrates  and  bombarded  subsequently  at  77  K  by  400  keV  Kr*- 
lons.  Structural  analyses  were  performed  by  in  situ  X-ray  diffraction 
using  a  Seemann-Bohlin  arrangement  and  by  transmission  electron 
microscopy.  The  Investigated  systems  Ag-Os,  Ag-Ru,  Au-Os,  and 
Au-Ru  have  large  positive  heats  of  formation  (23  to  41  kJ/mol), 
and  therefore  In  thermal  equilibrium  the  miscibility  in  the  solid 
state  Is  vanishingly  small.  For  all  systems  one  component  has  fee 
and  the  other  has  hep  structure. 

A  first  series  of  investigations  was  performed  using  samples  prepared 
on  glass  substrates.  From  these  experiments  the  conclusion  could  be 
drawn  that  during  Ion  irradiation  an  extension  of  the  mutual  solid 
solubilities  occurs.  As  expected  the  crystalline  structures  of  the 
terminal  phases  do  not  change.  In  a  second  series  of  measurements 
samples  of  the  four  systems  were  prepared  on  rocksalt  substrates. 
For  the  systems  Ag-Os  and  Au-Os  we  obtained  the  same  results  as 
In  the  first  series.  For  the  systems  Ag-Ru  and  Au-Ru  we  observed 
after  ion  Irradiation  with  high  doses  two  Ru-rlch  phases,  the  hep 
phase  already  known  before  and  a  new  fee  phase. 
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ION  BEAM  MIXING  OF  SELECTED  BINARY  METAL  SYSTEMS 
WITH  LARGE  POSITIVE  HEATS  OF  FORMATION 


by 
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Institut  fOr  Strahlen-  und  Kernphyslk  der  Unlversit&t  Bonn 
Nussallee  14-16,  D-5300  Bonn  1,  FRG 


ABSTRACT 


Multilayered  samples  of  the  binary  systems  Cu-W,  Ag-W,  and  Au-W 
of  different  overall  composition  were  irradiated  at  77  K  by  400 
keV  Kr*-ions  with  doses  up  to  5xlOl*  ions/cm*.  In  thermal  equili¬ 
brium  these  systems  have  vanishingly  small  solid  solubility  of  the 
components  corresponding  to  a  large  positive  value  of  the  heat  of 
formation.  The  systems  Cu-W  and  Ag-W  are  known  to  be  immiscible 
even  In  the  liquid  state.  Analysis  of  lattice  parameters  from  our 
experiments  indicate  that  metastable  solid  solutions  have  formed 
during  ion  irradiation.  This  shows  that  ion  beam  mixing  is  a 
suitable  method  to  produce  metastable  alloys  in  systems  with  large 
positive  heats  of  formation. 
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GLANCING  ANGLE  X-RAY  DIFFRACTION  AND  SEN  STUDIES  OF 
Nj  IMPLANTED  TANTALUM. 

by 
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and 
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Z.R.8.T.,  38050,  POVO,  Trento,  Italy. 

ABSTRACT 

Polycrystalline  Tantalum  thin  foils  are  Implanted  with 
molecular  nitrogen  lone  at  an  energy  of  30  keV  and  with 
doses  1  x  1017  ions  cm"2  and  5  x  1017  lone  cm2,  at  Room 
temperature.  Different  phases  formed  during  implantation 
are  identified  using  glanoing  angle  x-ray  diffraction. 
Specimen  with  lower  dose  (1  x  1017  ions  cm"2)  iihows 
presence  of  cubic  TaN  phase  along  with  hexagonal 
Ta5N6  phase.  Specimen  with  high  dose  (5  x  10*  ions  am  *) 
shows  formation  of  hexagonal  Te2N,  cubic  TsKq  4  phases 
in  addition  to  cubic  TaN  and  hexagonal  TegN^.  However,  no 
oxy-nitride  phases  are  detected.  Presence  of  phases  like 
Ta^N  and  Tai^(04  give  evidence  of  M  loss  taking  place  during 
implantation,  SEM  and  resistivity  measurements  support  the 
above  results. 
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ABSTRACT 


Fe-Ni  bilayers  obtained  by  PVD  have  been  irradiated  with  100  keV  Ar  and  200  keV 
Kr  ions  in  the  dose  range  5xl015  to  5xl018  ions/csi2  to  induce  mixing  at  the 
interface  Preliminary  results  by  CEMS  (Conversion  Electron  Mdssbauer 
Spectroscopy)  show  that  low  dose  irradiation  in  the  considered  range  does  not 
produce  detectable  structural  changes.  At  the  highest  dose,  however,  the 
structure  at  the  interface  becomes  that  of  a  highly  Inhomogeneous  Fe-Ni  alloy 
with  which  small  amounts  of  fee  phase  coexist.  The  occurrence  of  this  structure 
is  discussed  in  connection  with  the  behavior  of  magnetic  moment  and  of  mean 
hyperfine  field. 
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PHASE  TRANSFORMATIONS  OF  A  NITROGEN  IMPLANTED 
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and 
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ABSTRACT 

The  available  results  of  research  work  performed  on  nitrogen  Implanted 
austenitic  CrNi  steels  are  contradictory.  The  following  characteristics  have 
been  observed! 

-  the  formation  of  martensite  In  the  austenite,  but  as  well  the  complete 
retransformation  of  martensite  Into  austenite, 

-  the  solution  of  nitrogen  up  to  high  concentrations,  but  as  well 
precipitation  of  nitrides  at  low  concentrations, 

-  an  Increase,  but  as  well  a  reduction  of  the  wear  resistance. 

Therefore,  a  systematic  phase  analysis  In  connection  with  hardness  and 
corrosion  tests  Is  lndlspenslble  for  the  process  development. 

With  austenitic  CrNl-steels  in  the  composition  18/9  stress  induced 
transformation  Into  martensite  (y/a' )  can  occur  In  part.  According  to  the 
respective  surface  pre-treatment  variable  amounts  of  martensite  are 
encountered  In  technical  components.  The  two  phases  feature  remarkably 
different  characteristics  with  respect  to  the  solubility  and  diffusion  of 
nitrogen  and  the  nucleatlon  conditions  of  nitrides.  However,  not  only  the 
substrate,  but  the  implantation  process  and  the  process  parameters,  too,  can 
promote  contrary  tendencies  simultaneously.  Examples  for  this  feature  arei 
-dissolved  nitrogen  stabilizes  the  austenite,  however,  introduced  as 
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projectile,  it  can  start  the  transformation  into  martensite  via  the 
formation  of  residual  stresses* 

-  in  principle,  a  high  process  temperature  stabilizes  the  austenite,  but  it 
can  as  well  destabilize  it  by  Increased  precipitation  of  chromium 
nitrides. 

The  transformation  of  austenitic  CrNi-steels  under  nitrogen  bombardment, 
therefore,  is  not  in  accordance  with  a  fixed  pattern,  but  can  go  into 
different  directions*  so,  the  phase  analysis  has  to  take  the  following 
aspects  into  consideration* 

1.  the  kind  and  amount  of  martensite  according  to  the  respective  surface 
pre-treatment* 

2.  the  impact  of  nitrogen  on  the  7/a'  equilibrium; 

3.  the  growth  and  transformation  of  nitride  phases  from  y  and  a'  * 

4.  the  correlation  between  nitride  formation  and  ?-«'  transformation. 

The  following  process  parameters  have  been  used  in  this  study* 
surface  treatment  *  e  1  ectro-po  1  i  shed  (7 ) , 

diamond -poll shed  (about  50%  a' ), 
ground  f about  85%  «' ), 
temperature  range*  RT,  200 °C,  350 °C, 
doses*  1-8  x  10”  cm“^, 

current  densities*  4/40  j*Acm-2. 

The  analytical  methods  used  are  Conversion  Electron  Hossbauer  Spectroscopy 
(CEMS),  x-ray  diffraction,  and  depth  profiling  by  nuclear  reaction  analysis. 
OEMS  renders  it  possible  to  study  the  magnetic  phases  (o',  nitrides)  and  the 
paramagnetic  phases  (7,  nitrides)  via  the  analysis  of  the  distribution  of  the 
magnetic  hyperflne  fields  respective  of  the  electrical  quadrupole  splitting. 
The  crystalline  phases  and  textures  can  be  identified  by  x-ray  diffraction. 
Due  to  their  characteristics  shapes,  the  depth  profiles  provide  Information 
on  the  diffusion  processes  in  the  course  of  the  phase  transformation. 

The  study  is  of  practical  and  theoretical  Interest;  this  is  because  steels  of  the 
category  CrNl  18/9,  on  the  one  hand,  are  used  frequently,  and,  on  the  other  hand, 
provide  an  Insight  into  the  possible  developments  of  steel  surfaces  by  nitrogen 
implantation  due  to  the  coupling  of  a  and  7  phases. 
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MeV  N  IMPLANTATION  IN  FE  AND  TI: 

A  MICROSTRUCTURE  AND  HARDNESS  STUDY 

A.M.  Vredenberg,  F.Z.  Cui  and  F.W.  Saris 
FOM -Institute  for  Atomic  and  Molecular  Physics 
Kruislaan  407, 1098  SJ  Amsterdam,  The  Netherlands 


Hardness  is  an  important  parameter  in  explaining  the  complicated  processes 
which  take  place  at  a  wearing  surface.  In  low  energy  (lOOkeV)  implantation 
studies  however,  standard  hardness  characterizations  probe  far  beyond  the 
implanted  layer  and  thus  are  influenced  by  the  softer  substrate.  Furthermore,  the 
lifetime  of  the  nitrogen  induced  wear  resistance  enhancement  is  limited  due  to  the 
shallowness  of  the  N  penetration  depth.  To  overcome  these  problems  micron 
thick  layers  are  needed,  which  consequently  demands  MeV  ion  implantation. 

Recently,  we  have  developed  a  heavy  ion  accelerator,  dedicated  to  implantation 
of  high  energy  (upto  1 .5  MeV)  ions  with  high  fluences  (10  - 100  pA/cm2).  For  the 
first  time  we  will  present  a  detailed  investigation  on  MeV  nitrogen  ion  irradiation 
of  Ti  and  Fe.  In  order  to  modify  the  N  concentration  profile,  multiple  implants 
with  varying  energies  and  doses  are  applied.  Microstructural  analysis,  using 
Rutherford  Backscattering  Spectrometry  ,  X-Ray  Diffraction,  optical 
microscopy  and  Transmission  Electron  Microscopy  will  be  linked  to  changes  in 
macroscopic  properties,  using  hardness  and  abrasive  wear  studies.  As  an 
example,  we  have  subjected  a  Ti  specimen  to  a  dual  implant  of  1  MeV  N+,  2.3  x 
1018  /cm2  and  150  keV  N+,  5  x  1017/cm2.  Using  RBS  it  was  shown  that  N  was 
incorporated  in  the  substrate  over  depths  well  above  the  1  pm  range.  Also,  XRD 
clearly  demonstrated  the  presence  of  TiN  in  the  sample.  Hardness  measurements 
indicated  that  the  effect  of  the  MeV  implantation  can  be  measured  with  loads  upto 
200  grams,  whereas  upon  low  energy  implantation  (150  keV)  the  effect  decreases 
already  above  50  grams.  This  evidences  that  hardness  in  MeV  modified  layers, 
when  compared  to  keV  implanted  surfaces,  has  become  a  much  more  reliabk 
quantity. 
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A  FUNDAMENTAL  STUDY  OF  TITANIUM  NITRIDE  FILMS 
DEPOSITED  BY  ION  BEAM  MIXING 

K.Hayashi,  K.Sugiyama 

R&D  Laboratories-II,  Nippon  Steel  Corp.  , 

5-10-1  Fuchinobe,Sagamihara-city ,Kanagawa,229, Japan 
and 

K.Fukutani  and  H.Kittaka 

Kimitsu  Works,  Nippon  Steel  Corp.  , 

1  Kimitsu, Kimitsu-city, Chiba, 299-11 , Japan 

Abstract 

A  study  was  performed  to  investigate  the  influence 
of  process  parameters,  such  as  Ti/H  ratio,  ion 
energy,  temperature  and  ion  bombardment  angle  on 
the  properties  of  titanium  nitride  films  deposited 
on  mild  steel  plates  by  ion  beam  mixing. 

Deposited  films  were  characterized  by  scanning 
electron  microscopy ( SEM ) ,  X-ray  dif f raction(XRD) , 
X-ray  photoelectron  spectroscopy (XPS)  and  through 
the  evaluation  of  mechanical  properties. 

Columnar  or  less  distinct  columnar  structure  was 
observed  by  SEM.  From  the  results  of  XRD  and  XPS, 
the  main  constituent  was  TIN.  When  Tl/N  ratio 
exceeded  1.5  and  the  temperature  was  over  400  'C, 
Ti*N  and  Ti  peaks  were  observed.  Microhardness  of 
the  films  varied  widely.  High  hardness  was  achieved 
at  Ti/N=~1.0,  ion  energy=20 ~  30kV  and  temperature 
>  200  *C.  The  adhesion  strength  was  estimated  by  a 
scratch  tester  with  acoustic  emmision  detector. 
Better  adhesion  was  achieved  at  higher  temperature. 
The  microstructure  of  the  films  and  the 
metallurgical  structure  of  the  mixing  layer  will  be 
discussed  in  detail. 
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ION  IMPLANTATION  IN  CERAMICS* 


by 


Carl  J.  McHargue 
Metals  and  Ceramics  Division 
Oak  Ridge  National  Laboratory 
P.0.  Box  X 

Oak  Ridge,  Tennessee  37831-6118  USA 


ABSTRACT 


Ion  Implantation  may  Increase  or  decrease  the  hardness  of  ceramic 
materials  and  generally  Increases  the  rupture  strength  of  such  materials. 
The  property  changes  correlate  with  changes  In  the  microstructure  or  phase 
structure.  If  the  sample  remains  crystalline,  the  hardness  is  Increased 
and  If  It  becomes  amorphous,  the  hardness  decreases.  Both  phase  struc¬ 
tures  show  higher  rupture  strengths  when  tested  in  four-point  bend  tests. 

The  effects  of  Implantation  on  the  rupture  strength  of  sapphire  will  be 
Illustrated  for  implant  conditions  which  produce  both  defect-contalr.lng 
crystalline  and  amorphous  structures.  The  role  of  Implantation-Induced 
residual  stresses  on  the  failure  strength  will  be  discussed.  Changes  in 
hardness  for  both  sapphire  and  silicon  carbide  will  be  analyzed  in  terms 
of  the  Implantation-produced  microstructures.  The  problems  of  obtaining 
accurate  hardness  data  for  thin  surface  layers  In  materials  having  high 
hardness-to-elastlc  modulus  ratios  will  be  discussed. 


•Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S.  Department 
of  Energy,  under  contract  DE-AC05-840R21400  with  the  Martin  Marietta 
Energy  Systems,  Inc. 
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INTERACTION  OF  PERSISTENT  SLIP  BANDS  WITH  MODIFIED 
SURFACE  LAYERS 

by 
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ABSTRACT 

Experiments  on  nickel  have  shown  that  ion  beam  mixed  Ni-Al  surface 
layers  have  a  pronounced  effect  on  the  emergence  of  persistent  slip  band 
(PSB)  structures  during  low  cycle  fatigue,  affecting  both  the  numbers  of 
slip  bands  observed  at  the  surface  as  well  as  their  topographical 
morphologies.  This  is  significant  because  PSBs  operating  at  the  free 
surface  are  closely  associated  with  processes  of  fatigue  crack  initiation 
in  metals.  Recent  studies  Indicate,  however,  that  ion  beam  surface 
modifications  do  not  necessarily  suppress  the  formation  of  slip  bands  in 
the  interior  of  surface  grains,  but  instead  act  to  inhibit  the  penetration 
of  PSB's  to  the  free  surface.  This  has  been  demonstrated  by  experiments 
bn  nickel  polycrystals  modified  by  ion  beam  mixing  of  vapor  deposing 
nickel-aluminum  layers  using  0.5  MeV  krypton  ions  at  a  dose  of  1x10 
ions/cm  .  When  fatigued  to  cyclic  saturation,  these  specimens  show 
greatly  reduced  numbers  of  surface  slip  features  compared  to  unmodified 
nickel.  The  existence  of  subsurface  PSBs  was  revealed  by  etch-restrain 
experiments  in  which  the  1000  angstrom  deep  surface  modified  region 
was  removed  by  electropolishing.  When  fatigue  loading  was  reapplied 
after  surface  removal,  new  surface  slip  offsets  were  observed  in 
substantial  numbers  after  as  little  as  1/4  cycle.  These  slip  features  have 
been  positively  associated  with  mature  PSBs  in  the  bulk  grain. 
Furthermore,  these  PSBs  Impinge  on  the  underside  of  the  modified 
surface  layer  during  fatigue  producing  large  shear  strains  in  the  surface 
layer.  The  small  number  of  slip  bands  which  are  observed  in  ion  beam 
modified  fatigue  specimens  are  believed  to  result  from  surface  film 
rupture  in  response  to  the  localization  of  cyclic  shear  strain  by 
subsurface  PSBs.  It  is  concluded  that  effective  surface  modifications  for 
inhibition  of  PSB  penetration  to  the  surface  must  produce  adherent 
lavers  which  are  able  to  resist  these  high  local  cyclic  strains. 
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Ion  beam  modification  of  solid  lubricants  on  metals 

N .  J . Mikke 1 sen  and  G.Sdrensen 

Institute  of  Physics,  University  of  Aarhus 
8000  Aarhus  C,  Denmark 

Solid  lubricants  on  metal  surfaces  can  either  be  sputtered 
films  or  burnished  powder  films.  Ion-beam  modifications  of 
sputtered  MoSx  films  has  resulted  in  a  considerable  improvement 
of  the  sliding  life  of  the  lubricating  film. 

The  present  paper  will  discuss  the  structural  and  geome¬ 
trical  changes  of  sputtered  MoSx  films  exposed  to  inert  gas  ion 
beams  in  the  hundred  keV  range  and  with  doses  varying  from  101  s  - 
101*  ions/cm2.  The  friction  coefficient  of  sputtered  MoSx  films 
in  a  dry  nitrogen  atmosphere  was  measured  to  be  approximately 

O. 04  both  prior  and  after  ion  bombardment,  but  the  sliding  life 
increased  by  a  factor  of  five. 

For  lubricating  purposes  MoS^  is  frequently  used  in  powder 
form,  but  the  adhesion  to  metal  surfaces  is  then  of  crucial 
Importance.  The  present  paper  will  report  on  two  new  approaches 
with  the  purpose  of  obtaining  low  friction  metal  surfaces.  In 
the -first  approach  molybdenum  metal  is  Immersed  as  anode  in  a 
non-ageous  sulphide  containing  solution.  Although  in  principle 
similar  to  anodic  oxydation  processes,  the  molybdenum  disulfide 
film  formation  on  the  surface  is  due  to  an  electrophoretic  de¬ 
position  of  colloidal  MoSa  particles.  Ion  bombardment  of  such 
films  with  hundred  keV  inert  gas  ions  sinters  the  lubricating 
film,  which  has  a  friction  coefficient  of  "0.04  in  a  dry  nitro¬ 
gen  atmosphere  or  equivalent  to  sputtered  films. 

As  a  second  novel  approach  to  decrease  surface  friction  of 
a  molubdenum  surface  50-100  keV  ion  beams  of  sulphur  in  the 
mllliampere  range  has  been  Implanted  in  molybdenum  and  charac¬ 
terized  by  Rutherford  Backscatterlng  ( RBS )  as  well  as  tested 
with  a  reciprocal  ball  tribometer. 


71 


C-7 


EFFECTS  OF  OXIDE  LAYERS  ON  THE  FRICTION  AND  WEAR  OF  Tl- 

IMPLANTED  STEEL 

by 
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and 

R.A.  Jeffries 

Geo-Centers,  Inc.,  10903  Indian  Head  Hwy. 

Ft.  Washington  MD  20744 


ABSTRACT 


Ti-implanted  52100  bearing  steel  was  heat-treated  in  oxygen  at  ter.  peratures 
from  T  -  300C  to  600C.  Friction  and  wear  tests  were  performed  using  low 
speed,  high  stress  sliding  contact  in  air.  Auger  spectroscopy  and  SIMS  were 
used  to  investigate  the  changes  in  composition  associated  with  the  heat 
treatment  and  the  tribotesting.  A  friction  coefficient  of  f-0.6  was  obtained  for 
all  oxidized  implanted  surfaces;  nonimplanted  steel  also  had  f«0.6  whereas 
nonoxidized  Ti-implanted  steel  gave  f»0.3.  Wear  was  confined  to  the  oxide  layer, 
but  the  behavior  changed  with  oxide  thickness.  Relatively  thin  oxide  layers  (ca. 
10  nm)  resulted  in  the  formation  and  transfer  of  oxide  wear  debris  to  the  wear 
track.  '  Thicker  oxides  (ca  100  nm)  wear  sheared  from  the  implanted  layer  on 
the  first  pass;  Auger  analysis  of  the  wear  track  indicated  that  failure  occurred 
at  the  Fe  oxide/  Ti  oxide  interface.  Very  thick  oxides  (ca.  1  m)  buckled  and 
cracked,  unlike  those  on  oxidized,  nonimplanted  steel.  In  addition  to  causing 
oxidation,  heat  treatment  caused  carbon  from  the  bulk  to  migrate  into  the  Ti- 
implanted  layer,  and  at  a  temperature  of  410C,  the  Ti-implanted  layer  was 
completely  carburized.  The  influence  of  oxide  debris  on  the  friction  coefficient 
was  demonstrated  by  removing  oxide  films  (using  ion-milling)  from  oxidized  Ti- 
implanted  substrates. 
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EFFECT  OF  ION  IMPLANTATION  ON  FATIGUE.  FRETTING  AND 
FRETT I NG- CORROSION  OF  T1-6A1-4V 

S.  Saritas.  Department  of  Mechanical  Engineering, 
Gaziantep  University.  Gaziantep,  Turkey 

R.P.M.  Procter.  Corrosion  and  Protection  Centre, 

UMIST,  Manchester,  U.K. 

♦ 

W-A.  Grant  ,  Department  of  Electrical  and  Electronic  Engineering, 
University  of  Salford.  Salford.  U.K- 


At  the  SM2IB  conference  that  was  held  in  Kingston.  Ontario,  in 
July  1986,  we  presented  some  results  on  the  effect  of  ion 
implantation  on  wear  of  Ti-6A1-4V  alloy.  This  work  has  now  been 
extended  to  an  examination  of  the  effect  of  ion  implantation  on 
fatigue.  fretting  and  frett i ng-corros i on  of  Ti-6A1-4V.  Using 
smooth.  rotat ine-bending  type  fatigue  specimens  tested  in  air  at 
a  frequency  of  47  Hz  it  was  shown  that  nitrogen  and  boron 
implantation  to  doses  of  2-10'*7  ions/cm2  at  40  keV  have  no  effect 
on  either  the  S-N  curves  or  the  fatigue  endurance  limit-  These 
results  are  in  marked  contrast  to  the  wear  tests.  which  showed 
that  the  wear  behaviour  of  Ti-6A1-4V  alloy  is  markedly  improved 
by  nitrogen  and  boron  implantation- 

Using  a  Waterhouse  type  test  rig,  fretting  and  fretting- 
corrosion  of  crossed  cylinders  were  examined  at  room  temperature 
in  air  and  sea  water  respectively.  The  applied  load  was  3N .  the 
slip  amplitude  30  pm  and  the  test  frequency  50  Hz.  Damage  was 
assessed  quantitatively  by  Talysurf  measurements  and 
qualitatively  by  scanning  electron  microscopy,  as  a  function  of 
the  •  number  of  fretting  cycles-  As  in  the  case  of  linear  wear, 
implantation  of  boron  and  nitrogen  at  40  keV  and  to  doses  of  2.101* 
ions/cm1  .  reduces  both  the  coefficient  of  friction  and  the 
fretting  wear  volume  in  both  air  and  sea  water. 

The  results  obtained,  as  well  as  being  of  practical 
significance.  provide  insights  into  the  mechanisms  of  wear  and 
fretting  of  Ti-oAl-4V. 


Deceased.  23rd  October,  1987 
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STRUCTURAL  CHARACTERIZATION  AND  FATIGUE  BEHAVIOUR  OF  A 
CARBON  -  IMPLANTED  PURE  CRYSTALLINE  NICKEL 

S.Patu,  M.H.Xu  and  Z.G.Wang 

Institute  of  Metal  Research,  Academia  Sinica, 

Shenyang,  Peoples  Republic  of  China 

ABSTRACT 

Pure  polycrystalline  nickel  were  Implanted  with  ISO  Kev 

17  2 

carbon  ions  to  fluences  2x10  lons/cm  at  room  temperature. 
Structural  characterization  of  implanted  carbon  surface 
layer  and  its  effect  on  fatigue  behaviour  were  investigated. 

The  chemical  and  microstructural  changes  caused  by  the 
direct  implantation  of  carbon  into  nickel  were  examined  by 
AES  and  TEM.  It  was  found  that  Implantation  of  carbon  into 
nickel  results  in  formation  of  h.c.p  structure  nickel,  b.c.c 
metastable  structure,  Ni^C  compound  and  amorphous  phase 
corresponding  to  different  carbon  concentration  layers.  The 
specimens  with  and  without  ion  implatation  were  tested  in 
tension-zero  fatigue.  A  22*  Increase  in  endurance  limit  was 
found  with  implantation.  The  fatigued  surface  were  examined 
by  SEM.  The  lower  rate  and  intensity  of  slip  bands  in  implanted 
materials  were  found.  Grain  boundary  cracking  is  also  one  of 
crack  nucleation  mode  of  modified  materials  besides  slip  bond 
cracking  which  is  the  only  crack  initiation  mode  of  pure 
nickel.  Dislocation  arrangement  of  fatigued  surface  layer 
were  observed  by  TEM.  There  is  less  dislocation  in  implanted 
layer  in  comparison  with  high  density  of  dislocations  in 
surface  layer  of  pure  nickel. 
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EXAMINATIONS  OF  WEAR,  HARDNESS  AND  FRICTION  OF  N,  B,  C,  AG,  PB,  ANO  SN 
IMPLANTED  STEELS  WITH  DIFFERENT  CHROMIUM  CONTENTS 

A.  Kluge,  K.  Langguth,  R.  flchsner,  K.  Kobs,  and  H.  Ryssel 

Fraunhofer-Arbeitsgruppe  fur  Integrierte  Schaltungen,  Erlangen,  FRG  and 
Philips  Forschungslaboratorium  Hamburg,  FRG 

Implantations  of  nitrogen,  boron,  carbon,  silver,  lead  and  tin  in  4 
different  steels  with  chromium  content  of  1.5  -  18  %  were  performed.  The 
doses  applied  were  1017  -  5-10’7  cm*2,  the  ion  energy  was  50  -  100  keV.  50 
keV  were  applied  in  a  special  accelerator  designed  for  tribological  appli¬ 
cations  by  FhG.  For  the  higher  energy  of  100  keV  a  Varian-Extrion-350  D 
implanter  was  used,  the  samples  being  mounted  in  the  research  and  station. 
Wear  and  friction  of  the  implanted  layers  were  tested  using  a  pin-on-disc 
oscillating  tribometer.  Hardness  was  investigated  using  a  microhardness 
tester  allowing  loads  down  to  0.05  x  10*2  N.  It  was  found  that  nitrogen  is 
very  effective  in  hardening  steels  with  high  chromium  content  (=  18  X),  and 
in  decreasing  the  wear  rate  in  the  range  of  up  to  3  orders  of  magnitude. 
Microscopic  observations  of  the  abraded  surfaces  show  a  strong  effect  of 
fatigue  after  tribological  stress  In  the  case  of  unimplanted  steels. 
Implanted  surfaces  have  a  smooth  abrasive  path  even  after  a  long  period  of 
testing.  Boron  reduces  the  wear  of  hardened  X90CrMoV18  in  the  range  of  two 
orders  of  magnitude.  Carbon  ist  very  effective  in  hardening  and  reducing 
wear  in  low  chromium  tool  steel  such  as  100Cr6  which  cannot  be  hardened  by 
nitrogen  implantation.  All  results  strongly  depend  on  testing  atmosphere, 
load,  and  material  of  ball  in  use  for  friction  tests.  The  implantation  of 
silver,  tin,  and  lead  does  not  change  the  hardness  of  the  steels  investiga¬ 
ted.  However,  a  reduction  of  friction  coefficient  was  found  thus  reducing 
also  the  wear  rate. 
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RIKEN  (The  Institute  of  Physical  and  Chemical  Research) 
Hirosawa  2-1,  Wako,  Saitama  351-01,  Japan 

In  the  RIKEN  institute,  many  studies  have  been  made  of 
surface  layer  modification  of  various  kinds  of  materials  by 
ion  implantation.  Materials  selected  as  a  first  target  were 
iron  and  iron-based  alloys,  and  surface  layers  of  glassy 
carbon,  diamond,  polymers  and  cer.  lies  have  been  modified  by 
ion  implantation  up  to  now.  Implanted  species  widely  ranged 
from  proton  to  platinum.  A  wide  variety  of  surface  properties 
of  implanted  materials  has  been  investigated  such  as  hardness, 
friction,  wear,  bending,  pulling,  corrosion,  wettability, 
optical  properties  and  so  on. 

In  this  report,  the  recent  results  of  implanted  metals, 
ceramics  and  polymers  obtained  at  my  and  other  laboratories  in 
Japan  will  be  introduced;  micro-characteristics  of  implanted 
layers  are  reported  with  formation  of  ceramics  and  buried 
ceramics  in  metal  surface  layers,  metallization  of  surface 
layers  of  ceramics,  and  carbonizaton  of  polymers  by  ion 
implantation.  Macro-properties  of  implanted  materials  are 
also  introduced  with  tribology,  wettability,  conductivity  and 


C-12 


ION  IMPLANTATION  IN  CHINA 
IN  THE  NONSEMICONDUCTOR  FIELD 

GL.  2hang 

Institute  of  LOw  Energy  Nuclear  Physics 
Beijing  Normal  University 
Beijing,  China 


Since  1978  several  institutes  in  Beijing  and  Shangai  have  been 
working  in  the  field  of  ion  implantation  on  non-semiconductor 
materials-  In  the  last  10  years  the  field  has  developed  rapidly 
in  China.  At  present  there  are  15  units  in  Cina,  engaged  in  this 
field-  Three  national  conferences  and  one  international  symposium 
have  been  held  on  this  subject-  These  will  be  reviewed  in  this 
talk . 

The  applications  of  ion  implantation  technology  to  non- 
semiconductor  industry  will  be  reviewed.  Those  applications  which 
are  economicaly  feasible,  according  to  the  author's  point  of 
view,  will  be  presented 

The  successful  experiments  carried  out  in  China  in  the  area  of 
application  of  ion  beams  to  produce  superhard  materials, 
biomedical  materials  and  electrical  materials' wi 1 1  be  introduced 
Also  a  brief  introduction  wil  be  given  of  the  Chinese  work  in  te 
field  of  ion  beam  induced  amorphizat ion  and  quasi -crystal  1 ine 
phase  formation 
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CHARACTERIZATION  OF  TRANSFER  FILMS  ON  OXIDIZED  TI-IMPLANTED  STEEL 

by 

S.  Fayeulle  1 

Geo-Centers,  Inc.,  10903  Indian  Head  Hwy. 

Ft.  Washington  MD  20744 

and 

I.L.  Singer 

Code  6170,  U.S.  Naval  Research  Laboratory 
Washington  DC  2037$ 


ABSTRACT 

The  friction  and  wear  behavior  of  Ti-implanted  bearing  steel  (AISI-52100)  has 
been  shown  to  depend  critically  on  the  near-surface  composition,  as  determined 
by  the  implantation  conditions/-1  By  changing  the  fluence  of  implanted  Ti  from 
0.5  a  1017/cm*  to  5  x  10w/cm*.  the  friction  coefficient  can  be  varied  from  0.8 
to  less  than  0.3.  Friction,  in  turn,  is  believed  to  be  controlled  by  wear  debris, 
which  have  been  found  to  consist  mainly  of  oxides.  In  order  to  investigate  the 
role  of  oxides,  transfer  films  formed  on  nonimplanted,  Ti-implanted  and  oxidized 
substrates  have  been  characterized  by  transmission  electron  microscopy  and  by 
Auger  spectroscopy. 

Wear  debris  contained  mainly  iron  oxides  (with  some  amounts  of  titanium). 
Fe,0s  was  formed  in  all  substrates.  Fe,04  also  developed  in  nonimplanted 
substrates,  but  not  in  Ti-implanted  substrates.  Ti-implanted  substrates  generated 
Fe(TiOt  debris,  but  only  after  hundreds  of  sliding  contact  cycles.  The 
morphology  of  wear  debris  was  highly  dependent  on  the  implantation  conditions. 
Very  thin  flake  debris  were  seen  after  Ti+C  implantation  and  are  associated  with 
low  friction  coefficients.  Compressed  "spheres*  of  debris  were  formed  from 
nonimplanted  substrates  and  oxidized  implanted  substrates.  Friction  coefficients 
and  wear  behavior  will  be  discussed  in  terms  of  chemistry  of  debris,  adhesion 
between  surface  and  debris,  and  the  mechanical  behavior  of  superficial  layers. 


Visiting  Scientist  at  NRL  from  Laboratoire  de  Metallurgy  UA  CNRS  447; 
Ecole  Centrale  de  Lyon  BP  63,  69131  Ecully  Cedex  FRANCE 
I.L.  Singer  and  R.A.  Jeffries,  "Surface  Chemistry  and  Friction  Behavior 
of  Ti-implanted  52100  Steel,"  J.  Vac.  Sci.  Technol.  A1  (1983)  317-321. 

I.L.  Singer  and  R.A.  Jeffries  "Effects  of  Implantation  Energy  and  Carbon 
Concentration  on  the  Friction  and  Wear  of  Titanium-Implanted  Steel," 
Appl.  Phys.  Lett,  41  (1983)  925-927. 
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T.E.M.  INVESTIGATION  OF  STRUCTURAL  TRANSFORMATIONS  IN  Ti,  TiAl  AFTER  N, 
C,  B  IMPLANTATIONS  AND  FRICTION 


J.C.  Pivln,  P.  Zheng  and  M.O.  Ruault 
Centre  de  Spectrom6trie  Nuclealre  et  de  Spectrometrie  de  Masse,  BP1, 

91406  Orsay,  France 

ABSTRACT 


The  structural  transformations  induced  by  N  or  B  ion  implantation  in  thin 
Ti  foils  were  observed  in  situ  by  T.E.M. ,  using  the  electron  microscope 
on  line  with  the  C.S.N.S.M.  implantor.  The  formed  phases  and  their 
orientation  relationships  with  the  matrix  were  different  from  these 
reported  by  other  authors.  In  the  case  of  Ti  Implanted  with  N  ions  an 
epitaxy  between  planes  and  directions  of  dense  packing  of  Ti  and  Ti-N, 
then  of  TiN  and  Ti.N  has  been  found.  In  other  investigations  on  samples 
electrolytically  thinned  from  the  unimplanted  side,  Ti2N  did  not  form, 
most  probably  because  of  an  overheating  and  of  C,(T  contaminations. 
Similarly,  Instead  of  TiB  ,  we  detected  TIB  in  Ti  implanted  with  B  (in 
agreement  with  the  phase  diagrams) .  The  boride  exhibited  an  orientation 
relationship  with  the  matrix  of  the  type  (Ill)//(1 102)  . 

New  transformations  of  the  nitrides,  borides  and  also  carbides  during 
friction  of  Ti,  TiAl  implanted  with  N,  B  or  C  (bulk  samples)  have  also 
been  investigated.  Their  correlation  with  the  wear  resistance  of  the 
films  will  be  shortly  discussed. 


C-15 


Friction  and  wear  measurements  of  oxydized  titanium  surfaces 
bombarded  with  ion  beams  in  the  hundred. keV  region 

B.M.Lund,  N . j . Mikkelsen,  L.M. Schmidt,  and  G.Sdrensen 

Institute  of  Physics,  University  of  Aarhus 
DK  8000  Aarhus  C,  Denmark 

Titanium  and  its  alloys  have  found  a  number  of  industrial 
applications.  However,  the  surface  has  often  to  be  treated  in 
order  to  avoid  oxydation  and  excessive  wear,  and  direct  nitrogen 
implantation  reduces  both  oxydation  and  wear.  In  the  present 
paper  a  conventional  oscillatory  ball  tribometer  has  been  compu¬ 
terized,  so  accurate  time  dependent  friction  measurements  can  be 
performed.  In  the  wear  process  of  a  titanium  surface  oxydation 
plays  a  very  important  role,  so  time  dependent  friction  measure¬ 
ments  of  anodized  titanium  is  a  useful  approach  to  tribological 
studies  of  this  metal .  Inert  gas  ions  in  the  hundred-keV  region 
has  been  used  to  modify  the  anodized  film,  which  appears  more 
smooth  after  ion  bombardment,  when  studied  with  SEM.  Direct 
implantation  of  nitrogen  ions  in  the  hundred  keV  range  has  been 
used  to  initiate  nitride  formation  in  the  oxydized  film  and  in 
the  underlying  substrate.  Varying  the  oxide  film  thickness  and 
the  ion  energy,  friction  coefficients  have  been  measured  and  the 
wear  tracks  have  been  studied  with  a  profilometer.  The 
perspectives  in  formation  of  oxynitride  and  nitride  layers  in 
titanium  will  be  discussed  as  an  alternative  to  conventional 
procedures  for  protection  of  titanium  surfaces  such  as  plasma 
discharge  techniques. 
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MeV  ION  BEAM  POLISHING  OF  ANODICALLY  GROWN  ALUMINA 

1 )  2) 

B.  Daudin  and  P.  MARTIN  ' 

Commissariat  &  l'Energie  Atomique,  Centre  d' Etudes 

Nucl^aires  de  Grenoble,  85X,  38041  GRENOBLE  Cedex,  FRANCE 
1)  2) 

' IRF/SBT-LACC ,  'IRDI  Division  LETI/D.OPT 


In  a  previous  work,  we  have  studied  the  MeV  ion  beam  enhanced  adhesion  of 
gold  films  on  anodically  grown  alumina  (1).  One  conclusion  was  that  the 
alumina  roughness  was  an  important  parameter  and  it  was  found  that  the 
adhesion  threshold  as  measured  using  the  Scotch  tape  test  could  vary  by 
more  than  four  orders  of  magnitude. 

In  connection  with  these  results,  we  present  here  a  study  of 
alumina  roughness  modification  under  irradiation  at  various  temperatures 
and  for  various  impinging  ions.  Two  experimental  methods  were  used  :  i) 
an  in-situ  capacitance  measurement  as  a  function  of  the  implanted  dose  and 
ii)  Rutherford  backscattering  (RBS)  experiments  which  provide  direct  evi¬ 
dence  of  roughness  changes  induced  by  implantation  prior  to  the  gold  film 
deposition. 

We  found  that  the  polishing  efficiency  was  increased  for  heavy 
impinging  ions,  i.e.  for  high  nuclear  stopping  power.  The  temperature 
influence  was  studied  in  order  to  check  the  role  of  surface  diffusion  and 
rearrangement  under  irradiation. 


(1)  B.  Daudin  and  P.  Martin, 

Submitted  to  Nuclear  Instruments  and  Methods. 
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DISLOCATION  STRUCTURES  IN  NEAR  SURFACE  LAYERS  OF 
PURE  METALS  FORMED  BY  ION  IMPLANTATION 

by 

A. N. Didenko,  A.I.Rjabchikov,  G.P. Isaev, 
and  N.M.Arzubov 

Nuclear  Physics  Institute,  Tomsk,  USSR 

Yu.P.Sharkeev,  E.V. Kozlov,  G.V.Pushkareva, 
and  I. V. Nikonova 

Institute  of  Civil  Engineering,  Tomsk,  USSR 
A.E.Ligachev 

Institute  of  Aircraft  and  Technology,  Moscow,  USSR 


Experimental  results  on  structure  changes  in  near  surface 
layers  of  ion  implanted  polycrystal  metals  are  presented. 
Implantation  of  ions  of  various  types  has  been  realized  in 
continuous  and  frequency  pulsed  regimes.  Ion  energy  varied 
within  40  keV  to  1.2  MeV  .  Bulk  structural  changes  which 
occured  in  the  depths  exceeding  the  ion  range  in  a  target 
material  were  studied  using  the  transmission  diffraction 
electron  microscopy  method.  Ion  implantation  in  metals  was 
found  to  form  a  developed  dislocation  structure  in  a  near 
surface  layer  which  thickness  reached  100 and  deeper  . 
Besides  high  density  of  dislocation  loops  was  observed  in  a 
near  surface  layer  of  lower  thickness.  Dependences  of  a 
scalar  dislocation  density  and  the  densities  of  vacancy  and 
interstitial  dislocation  loops  were  plotted  vs  the  distance 
to  the  irradiated  surface. 

Measurements  of  raicrohardness  and  wear  resistance  perform¬ 
ed  at  various  distances  from  the  surface  correlate  well  with 
electron  microscopy  measurements.  Hence  the  modified  layer 
thickness  in  ion  implanted  targets  significantly  exceeds  the 
projected  ion  range. 

Three  near  surface  layers  with  different  structures  obtain¬ 
ed  under  high  dose  implantation  are  considered.  Causes  of 
their  formation  and  their  role  in  changing  surface  mechanical 
properties  are  discussed. 
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THE  INFLUENCE  OF  TEMPERATURE  ON  THE 
PERFORMANCE  OF  ION  IMPLANTED  METAL-FORMING 
TOOLS 


by 
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and 

P.  Ballhause,  G.K.  Wolf 
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der  UniversitSt 
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ABSTRACT 


It  is  well  known  that  the  temperature  during 
implantation  influences  the  microstructure  of  ion 
bombarded  steels.  In  the  course  of  our  studies  on 
metal-forming  tools  we  could  show  a  moderate  heat 
treatment  subsequent  to  the  implantation  to  be  of 
great  importance,  too.  The  wear  of  heat  treated 
metal-forming  tools  was  up  to  4  times  lower  than 
in  the  as  implanted  state. 

This  effect  was  studied  further  in  a  systematic 
way.  The  production  simulation  processes  "upset¬ 
ting  between  plane  parallel  dies"  and  "backward 
extrusion  of  cans"  were  used  as  model  processes 
for  achieving  tool  wear.  Extrusion  punches  and 
upsetting  dies  were  implanted  with  nitrogen, 
boron  and  metal-nitrogen  combinatons.  The  implan¬ 
tation  dose  was  varied  and  the  tools  were  heat 
treated  after  the  implantation  in  the  200-300  °C 
temperature  region.  The  tool  wear  was  measured  by 
means  of  standard  techniques  during  the  metal 
forming  process  up  to  a  maximum  production  of 
20  000  parts. 

The  results  are  discussed  in  the  light  of  new 
ideas  on  the  microstructure  of  implanted  steels, 
and  compared  with  recent  relevant  MSssbauer 
studies  of  similar  systems. 


C-19 


EFFECT  OP  HPIB  BOMBARDMENT  ON  STRUCTURE  AND 
PROPERTIES  OP  TN-20  AND  VK-8  ALLOYS 

by 
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ABSTRACT 

Taking  VK-8  and  TN-20  alloys  as  an  example,  we  show  chang¬ 
es  in  physical  and,  -chemical  properties  and  operation  charac¬ 
teristics  induced  by  high  power  ion  beams  (HPIB)  of  nanosecond 
duration.  Irradiation  was  performed  using  the  modified  TONUS 
accelerator  which  operated  in  a  technological  regime  with  the 
following  beam  parameters  :  E  =  0.2  to  0.5  MeV,  current  densi¬ 
ty  of  50  to  250  a/ cra^,  pulse  duration  of  f  =  60  to  100  ns,  a 
beam  cross-section  of  about  200  cm2  per  one  pulse  and  the  pro¬ 
ductivity  of  4  to  12  m2  during  an  hour.  Carbon  ions  were  emp¬ 
loyed.  electron  microscopy.  X-ray  analysis,  secondary  ion  mass 
spectrometry,  positron  annihilation,  measurements  of  micro¬ 
hardness  and  wear  resistance  in  the  process  of  cutting  were 
employed  as  investigation  methods. 

HPIB  induced  amorphization  of  metallic  bonds,  "healing”  of 
microcracks  and  sharp  decrease  in  grain  dimensions  during  the 
carbide  phase  in  TN-20  surface,  melting  and  breaks  of  carbide 
dimensions  in  VK-8  alloy.  Tungsten  euad  nickel  impurity  distri¬ 
bution  towards  the  surface  and  distribution  of  light  ions  in¬ 
to  a  sample  bulk  were  observed.  It  is  interesting  to  note 
that  a  degree  of  a  metallic  bond  amorphization  increases  with 
current  density.  2.5  to  3.2  increase  in  wean  resistance  in 
the  process  of  cutting  (  with  respect  to  control  samples  )  as 
well,  as  1.2  to  1.5  increase  in  micro hardness  were  obtained. 
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MECHANICAL  PROPERTY  CHANGES 
IN  ION  IMPLANTED  SILICON  NITRIDE  FOR  ROLLING 
ELEMENT  BEARINGS 


by 
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and 
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Roll6-Royce  Inc. 
Atlanta,  GA  USA 


ABSTRACT 


Ceramic  rolling  element  bearings  offer  significant 
advantages  over  typical  steel  bearings  in  numerous 
applications,  including  gas  turbines.  However,  to  realize 
these  benefits,  silioon  nitride  bearings  still  require  improved 
damage  tolerance,  reliability,  and  reduced  contact  stresses. 
Surface  modification  via  ion  implantation  is  therefore  being 
.investigated  to  Improve  the  surface  properties  of  silicon 
nitride. 

Ion  Implantation  was  performed  at  room  temperature  using 
lOOkeV  beams  of  Nitrogen,  Silioon,  and  Titanium  ions  for  doses 
ranging  from  5xl016  to  3xlOX7  ions/cm2.  Post  implantation 
tests  included  Rnoop  microhardness  measurements  at  5,  10,  and 
20  gm,  4  point  flexure  strength,  and  Vickers  fracture 
toughness.  Results  show  a  dramatic  sharp  ’resonance*  in  near- 
surface  hardness,  which  increases  about  100%  at  a  dose  of 
lxlO1'  ions/cm2  for  all  three  ions  implanted.  The 
microhardness  increase  correlates  well  with  the  calculated  ion 
depth.  The  average  flexure  strength  of  the  material  did  not 
change;  however,  the  strength  at  very  low  failure  probabilities 
as  represented  by  the  Weibull  modulus  shows  a  substantial 
increase  and  potential  for  further  improvement. 

A  finite  element  stress  analysis  was  also  performed  which 
shows  the  residual  stress  Btate  induced  by  the  implantation 
process.  The  effect  this  has  on  the  surface  mechanical 
properties  and  potential  bearing  performance  will  be  discussed. 
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INCREASES  MICROHARDNESS,  NEAR  RESISTANCE  ANS  CORROSION  RESISTE'ICE  OF 
HP  IB  -  IRRADIATES  ALLOYS. 

A. E. LISACNEV,  V. P. NESTERENKO ,  A. V.NESMELOV,  N. S. OPEKUNOV,  A.D.R06- 

REBNIAK,  I. F. ISAKOV,  6.E.REMNEV,  V.S.UKHANOV,  N. I . SHABANOV, 

I. B. KURAKIN .V.P.KUSHNARENKO. 

MOSCON  INSTITUTE  OF  AIRCRAFT  TECHN0L06Y,  NOSCON,  USSR. 

HIGH  FQHER  ION  BEAN  (HPI6)  EFFECT  ON  METALS  ANS  ALLOYS  DURING  A  PULSE  IS 
CHARACTERIZED  BY  FAST  ENERGY  DEPOSITION  IN  A  NEARSURFACE  LAYER  NHICH  THICK¬ 
NESS  IS  COHPARA1LE  TO  ION  RANGE,  1Y  THERMALI ZATION  OF  THE  LAYER  TO  ABOUT  1B^K 
AND  1Y  FAST  SULK  COOLING  OF  THE  TAR6ET. 

THE  MEASURES  THICKNESS  OF  THE  MODIFIED  LAYER  IS  FROM  IBB  TO  2BB  NHICH 
IS  MUCH  MORE  IN  EXCESS  THAN  AN  ACTIV  ION  RAN6E.  NE  USES  2B,  45,  R18  AND  R6M5 
STEELS,  SOLID  ALLOYS  VK-8.VK-6,  T 1 5K8 , T 1 4KB , TN2B ,  KT16  ANS  TITANIUM  ALLOY  VT5 
E.T.C. 

THE  HEAR  RESISTENCE  OF  HP1B  IRRADIATED  MILLS,  CUTTING  TOOLS,  TAPS  HADE 
UP  QF  R4H5  STEEL  INCREASED  BY  A  FACTOR  OF  2.2  TO  3.5.  THEIR  MICRQHARDNESS 
INCREASED  BY  FACTOR  OF  2  TO  3  IN  UNOUENCHED  SAMPLES  AND  BY  A  FACTOR  OF  1.3 
TO  1.8  IN  QUENCHED  ONES.  THE  LARGEST  INCREASE  AT  THE  NEAR  RESISTANCE  IS 
OBSERVED  IN  CUTTING  STEEL  SHX-15  BY  HPIB  IRRADIATED  TOOLS. 

CORROSION  TESTS  OF  TITANIUM  ALLOYS  SHONED,  THAT  INCREASED  BY  FACTOR  OF 
1.5  TO  2.2  NITH  RESPECT  TO  NON-IRRADIATED  SAMPLES. 
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MICROHARDNESS,  ARTIFICIAL  AGEING  AND  FATIGUE  BEHAVIOR 
OF  NITROGEN-IMPLAMTED  ALLof  STEEL 
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ABSTRACT 


The  main  aim  of  the  presented  work  was  to  determine  the 
-ole  of  low  temperature  annealing  C  so  called  artificial 
ageing  I  in  microhardness  of  nitrogen-implanted  alloy  steel. 
The  steel  of  composition:  0.40  ><  C,  0.65  %  Mn,  0.25  M  Si  and 
0. 95  V,  Cr  was  used  in  experiment. 

The  relation  between  microhardness  and  fatigue  properties 
was  also  examined.  + 

The  samples  were  100  keV  Ng  implanted  at  room 

17  2 

temperature  with  doses  varying  from  1x10  at/cm  up  to 
6x1 01 7  at/cm^. 

Postimplantation  annealing  at  100,  150  and  200  C  was  applied 
to  some  of  the  samples.  Anneal  i  rig  time  was  ranged  from  3  to 
12  hours. 

The  microhardness  of  Implanted  samples  was  investigated 
using  a  Knoop  tester.  The  fatigue  properties  were  determined 
by  means  of  the  vibrating  test. 

The  relationship  between  microhardness  and  annealing 
conditions  will  be  discussed  as  well  as  the  correlation 
between  microhardness  and  fatigue  resistance. 
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WFAR  RESISTANCE  IMPROVEMENT  AND  STRUCTURAL  MODIFICATIONS 
OF  B+  IMPLANTED  AUSTENITIC  STAINLESS  STEEL 


by 
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ABSTRACT 


It  Is  well  known  that  N+  Implantation  Improves  steel  tribological 
properties  ;  in  general,  It  is  thought  that  precipitation  Is  responsible 
for  this  improvement.  Here,  comparative  study  on  Ion  Implantation 
modification  of  an  austenitic  alnless  steel  tribological  properties  was 
performed  using  boron  and  nit.ogen  which  can  both  form  hard  precipitates 
with  iron. 

Mechanically  polished  specimens  were  Implanted  under  an  ion  energy  of 
160  keV.  Wear  experiments  and  friction  coefficient  measurements  were 
performed  using  a  pin-on-disc  machine. 

The  best  wear  resistance  improvements  are  found  after  : 

-  10’ 7  ions  cm-2  fluence  for  B*  Implantation,  with  a  decreased  wear 
rate  of  about  65  X, 

-  3.1017  ions  cm*2  fluence  for  N+  Implantation,  with  a  decreased 
wear  rate  of  about  50  X. 

In  both  cases  the  initial  rapid  rise  of  friction  coefficient  Is 
significantly  attenuated. 

For  B*  implanted  specimens  and  fluences  £  1C1'  ions  cm~2  TEM 
observations  and  glancing  X  ray  scattering  show  superficial  a’  martensite 
formation  but  no  boride  precipitation. 

From  these  experiments,  which  have  to  be  confirmed,  it  appears  that 
the  wear  resistance  Improvement  after  boron  Implantation  is  probably  not 
due  to  precipitation  like  for  nitrogen  Implantation  but  could  be  due  to  the 
superficial  martensite  formation  and/or  to  boron  atoms  likely  In 
Interstitial  sites. 
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ABSTRACT 


The  effects  of  ion  beam  surface  modifications  on  fatigue 
crack  initiation  in  fine  grain  (0.024  mm)  and  coarse  grain 
(0.290  nun)  Nickel-270  were  studied.  Two  ion  beam  surface 
modifications  were  evaluated.  One  modification  consisted  of 
a  Ni-75%Al  surface  produced  by  evaporating  onto  the  fatigue 
specimen  alternate  layers  of  Ni  and  Al  to  a  total  thickness 
of  100  nm  and  ion  beam  mixing  the  layers  with  3  MeV  Ni**  to  a 
dose  of  lxlO16  ions/cm2.  TEM  analysis  of  the  surface 
indicated  the  formation  of  an  amorphous  Ni-75%A1  structure. 
The.  second  modification  consisted  of  self-implantation  with 
3  MeV  Ni**  to  a  dose  of  lxlO16  ion3/cm2.  Surface  modified  and 
unmodified  specimens  were  fatigue  tested  under  fully  reversed 
tension/compression  at  a  constant  plastic  strain  amplitude  of 
2.5x10'*.  The  evolution  of  surface  fatigue  damage  was 
recorded  by  periodically  interrupting  the  fatigue  test  and 
extracting  plastic  replicas  of  the  specimen  gauge  section. 
The  Ni-75%Al  surface  modification  significantly  suppressed 
the  formation  of  surface  3lip  band  features  while  the  nickel 
self-implantation  produced  only  moderate  slip  band 
suppression.  The  surface  slip  band  suppression  was  more 
pronounced  ir.  the  fine  grain  material  than  in  the  coarse 
grain  material.  Both  modifications  delayed  the  initiation  of 
fatigue  cracks  and  extended  the  number  of  cycles  to  failure 
in  the  range  of  25-35%  for  the  fine  and  coarse  grain  nickel. 
The  modifications  did  not  appear  to  affect  fatigue  crack 
growth  rates.  An  understanding  of  the  mechanisms  by  which 
the  surface  modifications  suppress  the  formation  of  surface 
slip  band  features  and  delay  fatigue  crack  initiation  was 
gained  through  microhardness  studies  of  the  modified  surfaces 
and  TEM  analysis  of  the  effects  of  the  modified  layers  on 
subsurface  dislocation  structures. 
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ABSTRACT 


A  study  has  been  made  of  the  mechanical  properties  of  high  dose 
nitrogen  implanted  metals. 

The  substrates  used  were  polycrystal  iron  (  Fe  ).  chromium  I  Cr  ) 
and  titanium  (  Ti  )  sheets  I  mm  in  thickness  with  a  purity  of  99  9  X. 
The  ion  implanlaion  of  N'  ions  was  performed  with  doses  from  1.5  i 
10’*  to  I  x  10'*  N‘  ions/cm*  at  an  energy  of  100  keV.  The  substrate 
temperatures  during  N'-implantation  were  kept  -40,  20.  100  and  200"C. 
The  depth  profile  of  atoms  in  implanted  layers  was  estimated  by  Auger 
electron  spectroscopy  <  AES  )  combined  with  Ar’  sputter  etching.  The 
identification  of  nitrides  produced  by  implantation  was  investigated 
by  X-ray  diffraction  (  XRO  ).  The  near  surface  hardness  was  measured 
by  a  Xnoop  hardness  tester.  The  friction  coefficients  were  measured 
using  a  Bowden-Leben  type  friction  testing  machine 

The  results  of  nitrogen  depth  profile  for  the  highest  nitrogen 
dose  samples  showed  the  reclanf’ "r  like  distribution.  The  XRO 
patterns  revealed  that  vario  .dcs  were  formed  in  implanted 

layers.  The  tendency  of  ase  in  hardness  was  different  for 

kinds  of  substrates,  nitrogen  doses  and  implantation  temperatures  The 
-hangc  of  the  friction  coefficients  was  related  to  the  oxides  on  the 
surface  layers.  It  is  concluded  that  not  only  the  nitride  but  also  the 
oxide  layers  produced  by  N'-implantation  play  important  roles  for  the 
modification  of  mechanical  properties  for  metals. 
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ANNEALING  BEHAVIOUR  OF  NITROGEN  ION  IMPLANTED 
304  STAINLESS  STEEL 


Sadhna  Shrivastava,  Ram  D  Tarey,  Amitabh  lain 
and  K  L  Chopra 

Indian  Institute  of  Technology, 

Hauz  Khas.  New  Oelhi  110016,  India 


Me  studied  the  effect  of  annealing  on  the  mechanical  properties  of  nitrogen 
ion  implanted  304  stainless  steel.  We  implanted  N^  ions  at  doses  of 
5x1 Q1 6 /cm2  and  1017/cmZ  into  austenitic  samples  and  into  samples  in  which 
substantial  martensite  had  been  produced  near  the  surface  as  a  result  of 
facing  on  a  lathe. 

The  Knoop  microhardness  increased  as  a  result  of  ion  implantation  in  the 

martensitic  samples.  The  microhardness  in  austenitic  samples  remained 

unaffected.  The  implanted  samples  were  subjected  to  isochronal  anneals  at 

o  o 

increasing  temperatures  in  the  range  75  C  to  510  C.  In  the  martensitic 

samples,  annealing  produced  a  steady  increase  in  the  microhardness  for 

o  o 

temperatures  upto  420  C.  After  annealing  at  420  C  the  microhardness  is  540 
kg/nvnZ  compared  to  a  pre-implant  value  of  358  kg/mm2  .  Thereafter,  the 
microhardness  did  not  change  appreciably  with  anneal  temperature.  This 
effect  is  essentially  independent  of  dose  in  the  range  studied.  Again, 
austenitic  samples  remained  unaffected. 

Grazing  incidence  x-ray  diffraction  revealed  the  formation  of  nitrides  only 
at  the  higher  dose.  The  nitrides  disappear  after  the  highest  temperature 
anneal 

This  evidence  points  to  solid  solution  strengthening  as  the  dominant 
mechanism  in  the  present  dose  range.  Dissolved  nitrogen  is  known  to  harden 
the  martensitic  phase  and  not  the  austenitic  phase,  A  simple  calculation 
shows  that  the  solid  solubility  limit  would  be  reached  at  the  lower  dose. 
Thus  the  higher  dose  would  not  produce  a  higher  hardness.  The  effect  of 
annealing  could  be  to  remove  implantation  induced  dislocations.  Nitrogen 
trapped  at  these  dislocations  would  then  become  available  for  solid 
solution  s t rengthening  thereby  causing  the  observed  increase  in 
mi  c  ronardnes  s . 
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Abstract 

The  intermetallic  compound  TiAl  has  remarkable  high- 
temperature  strength  and  resistance  to  oxidation,  combined  with 
low  density.  However,  TiAl  lacks  ductility  and  is  brittle  at 
room  temperature.  In  the  present  investigation  the 
intermetallic  compound  TiAl  specimens  of  compositions,  34,  36 
and  38  mass  %A1,  were  implanted  with  150  keV  N'2  ions  to  modify 
the  surface  structures  and  properties  of  the  specimens.  The 
microhardness  and  the  chemical  structures  of  the  implanted 
specimens  were  examined  by  means  of  microhardness  tests.  Auger 
electron  microscopy(AES )  ,  X-ray  photoelectron  spectroscopy ( XPS ) 
and  X-ray  diffraction(XRD)  .  It  was  found  that  the  hardness 
increased  markedly  by  nitrogen  ion  implantation,  and  the  ratio 
of  the  increase  to  the  initial  hardness  reached  up  to  250%  for 
the  of f -stoichiometric  composition,  34%  or  38%A1 ,  becoming 
minimum  for  the  stoichiometric  composition,  36%A1 .  The  XPS 
analysis  showed  that  Nls  spectrum  involved  a  peak  at  a  bonding 
energy  corresponding  to  that  of  TIN,  and  that  Ti2p  or  Alls  peak 
shifted  to  a  half-way  position  between  metal  and  TiN  or  AIN. 
These  results  Indicated  that  implanted  nitrogen  atoms  are 
bounded  with  tne  metal  atoms  to  form  some  kinds  of  their 
nitrides.  The  XRD  study  showed  that  T^N  and  AIN  were  formed  in 
the  implanted  specimens  for  the  three  compositions.  It  was 
demonstrated  that  microcracks,  which  were  revealed  by  etching 
the  unimplanted  surfaces  of  the  specimens,  were  totally 
eliminated  by  nitrogen  ion  implantation.  The  remarkable 
hardening  of  the  implanted  surface  was  considered  to  result  from 
a  solution  hardening  due  to  Implanted  nitrogen  atoms  and 
precipitation  hardening  due  to  the  nitride  formation.  The 
disappearance  of  the  stress-corrosion  induced  microcracks  was 
thought  to  be  associated  with  the  residual  compressive  stresses 
and  the  nitride  formation  introduced  by  nitrogen  ion 
i ant  a  1 1  on  . 
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ABSTRACT 

Post-implantation  heat  treatment  was  performed  on  nitrogen 
implanted  440C  stainless  steel  for  varying  times  and 
temperatures.  The  results  show  surface  microhardness  changes 
similar  to  those  found  for  age  hardening  alloys.  For  example,  a 
maximum  was  found  in  surface  microhardness  which  was  40%  greater 
than  that  of  the  as-implanted,  or  as-received  material.  This  was 
achieved  in  three  days  of  heat  treatment  at  120°C.  Overaging  at 
120°C  occurred  in  less  than  six  days.  Hardness  tests  as  a 
function  of  time  at  higher  and  lower  temperatures  did  not  produce 
the  pronounced  effect  observed  at  120°C. 

These  surface  hardness  changes  are  attributed  to  second 
phase  formation  during  the  aging  heat  treatment.  Electron 
Microscopy,  Energy  Dispersive  X-ray  Analysis  (EDAX)  and  Auger 
Electron  Spectroscopy  (AES)  were  used  in  this  study  to  analyze 
the  effect  of  the  nitrogen  implantation  and  the  post  implantation 
heat  treatment. 

TEM  and  EDAX  analyses  demonstrated  that  some  nitride  phases 
were  formed  following  implantation  and  this  increased  following 
the  aging  heat  treatment.  The  two  principal  nitrides  found  were 
CrN  and  YFe^N.  The  matrix  of  the  as-received  and  as-implanted 
440C  stainless  steel  was  also  found  to  have  a  BCT  martensitic 
structure  (also  some  Fe-N  martensite)  with  a  high  dislocation- 
tangle  density. 
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ABSTRACT. 

There  are  many  methods  to  improve  surface  properties  of 
materials,  eg.  by  use  of  ion  beams,  or  film  coating  or  both  of 
them  simultaneously.  For  most  applications,  the  crucial 
problem  in  all  classical  coating  methods  is  always  the 
adhesion  of  the  film  deposited  on  the  substrate.  In  this 
paper,  we  investigate  the  influence  of  a  high  energy  heavy  ion 
beam  during  the  film  deposition  on  the  mechanical  properties 
of  two  coatings  :  stainless  steel  substrates  with  relatively 
thick  films  (1,4  urn  -  1  ym)  of  CusoNisa  or  FetoAl<o  alloys 

using  the  new  technique  of  ion  beam  mixing  during  deposition. 

Transmission  electron  micrographs  of  the  implanted  and 
unimplanted  films  reveal  them  to  be  essentially  solid 

solutions  :  fee  for  CuNi  and  disordered  bcc  for  FeAl. 

Film/substrate  adhesion  was  measured  by  means  of  scratch 
testing  under  increasing  normal  load  while  friction  and  wear 
properties  were  assessed  on  a  standard  ball-on-disc 

tribometer . 

For  all  unimplanted  films  scratch  testing  shows  adhesive 
brittle  failure  right  after  the  start  of  the  scar,  under  very 
low  normal  loads,  and  during  friction  and  wear  testing  coating 
brake-down  occurs  within  one  or  two  turns. 

On  the  contrary,  for  the  implanted  films  only  cohesive 
failure  is  observed  at  critical  loads  well  beyond  plastic 
yielding  of  both  coating  and  substrate. 

The  considerable  improvement  of  surface  mechanical 
properties,  especially  film/substrate  adhesion  is  discussed. 
Ion  beam  mixing  at  the  interface  during  the  very  beginning  of 
film  growth  is  considered  to  be  of  prime  importance. 
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FUNDAMENTALS  OF  ION  BEAM  ASSISTED  DEPOSITION:  TECHNIQUE 
AND  FILM  PROPERTIES 

by 

G.  K.  Hubler,  U.S.  Naval  Research  Laboratory, 
Washington,  DC  20375,  USA, 

This  paper  reviews  work  at  NRL  over  the  past  three  years 
to  develop  an  improved  understanding  of  the  ion  beam 
assisted  deposition  (IBAD)  process  and  to  develop  a 
highly  reproducible  IBAD  system  for  research  and 
applications.  As  such  it  does  not  attempt  to  review  the 
excellent  work  in  the  literature  on  IBAD  films  except 
where  there  is  direct  overlap  in  the  materials  studied. 

The  fundamentals  treated  here  include  the  effects  of 
sputtering,  reflection,  species  distribution,  and  charge 
exchange  neutralization  of  the  ions,  the  ion  beam 
enhanced  desorption  and  reaction  rates  of  gaseous 
impurities  on  the  surface,  and  the  theoretical  treatment 
of  the  IBAD  process  by  collision  cascade  or  thermal 
spike  models  . 

System  variables  discussed  include  the  effects  of  gas 
pressure,  evaporation  rate,  ion  current,  and  ion  energy 
on  film  composition.  Important  aspects  of  current 
integration  and  ion  gun  operation  are  also  included  for 
completeness.  Data  are  presented  which  demonstrate  how 
changes  in  process  parameters  effect  the  film 
composition  and  film  properties.  Most  of  the  discussion 
centers  on  silicon  nitride  and  titanium  nitride  films 
because  these  are  pathelogical  materials  systems  for 
fundamental  investigations.  Silicon  and  nitrogen  are 
completely  non-reactve  in  the  vapor  phase  while  titanium 
and  nitrogen  are  highly  reactive.  Comparison  of  these 
two  systems  allows  the  separation  of  physical  and 
chemical  effects  on  film  composition  (surface  vs.  bulk 
chemical  reaction). 

Finally,  unusual  structural  and  mechanical  properties  of 
TIN  and  Sij.xNx  metastable  films  will  be  described  as 
well  as  applications  of  the  films  as  wear  resistant 
coatings  and  as  optical  devices. 
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The  properties  of  interfaces  and  coatings  formed  under 
simultaneously  He+and  Ar+ implantation  with  30-175  keV  were 
investigated.  The  following  phenomena  such  as  oxygen  ad- 
sorbtion  on  the  substrate,  distribution  of  deposited  silver 
atoms  in  silicon  and  silicon  oxide  substrate,  composition 
and  physical  properties  of  deposits  were  studied  as  a  func¬ 
tion  of  ion  energy,  intensity  of  implantation  and  deposi¬ 
tion  by  means  of  high  energy  backseat tering  spectrometry. 
Auger  sputter  profiling,  X-ray  diffraction. 

It  is  shown  that  all  stages  of  thin  film  formation  are 
influenced  by  high  energy  bombardment.  Pro'  the  experimen¬ 
tal  results  we  may  conclude  that  the  high  energy  irradia¬ 
tion  during  deposition  changes  interface  properties  not 
only  as  a  result  of  dynamic  mixing  of  atoms  but  it  also 
sharply  changes  the  adsorbtion  conditions  by  means  of  pre¬ 
ferential  sputtering  and  ion  beam  surface  activation.  The 
model  of  activated  atoms  is  proposed  explaining  experimen¬ 
tal  results  of  deposition  rate  as  a  function  of  implantation 
intensity.  If  the  deposition  prevails  on  the  sputtering, 
the  maximum  of  ion  energy  .loses  .moves  through  interface 
during  film  growth.  On  such  way  the  mixed  film-substrate 
layer  is  formed.  It  is  shown  that  the  distribution  of  depo¬ 
sited  atoms  in  the  substrate  induced  by  high  energy  dynamic 
recoil  mixing  sharply  variates  if  the  variation  of  inten¬ 
sities  of  deposition  and  implantation  takes  place.  The  phe¬ 
nomenological  model  of  dynamic  mixing  is  proposed.  It  is 
shown  that  the  penetration  of  deposited  atoms  in  the  sub¬ 
strate  takes  place  as  a  result  of  stochastic  mixing  of  spu¬ 
ttered  and  deposited  atoms  in  the  conditions  that  deposi¬ 
tion  and  sputtering  rate  are  equal.  The  penetration  process 
is  governed  by  diffusion  laws  with  diffusion  coefficent 
expressed  as  a  function  of  deposition  and  sputtering  para¬ 
meters 

The  applications  of  technique  based  on  the  deposition 
by  ion  beam  sputtering  in  high  vacuum  and  simultaneous 
ion  implantation  to  form  coatings  for  industrial  modifica¬ 
tion  are  discussed. 
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THE  EFFECT  OF  IONIZATION  IN  PRODUCING  LARGE 
INTERMIX  LAYERS  IN  ION  PLATING 
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Atlanta,  GA 


An  evaluation  of  three  systems  (TiN  on  Fe,  Ti  on  Cu,  and  Cr 
on  Cu  and  Fe)  have  shown  gradated  or  intermixed  layers  from 
approximately  100  to  1000  angstroms  thick.  The  principle  ion 
plating  process  variable  related  to  interface  thickness  was  found 
to  be  the  relative  ionization  efficiency  which  in  itself  depends 
on  several  mutually  dependent  variables .  Experimental  programs 
examined  film  formation  and  morphology  in  both  hollow  cathode 
discharge  (HCD)  and  thermionic  emission  assisted  ion  plating 
(TATIP)  systems.  Film  morphology  and  composition  were  also 
examined  in  addition  to  the  intermix  depth. 

Data  shows  that  for  higher  relative  ionization  efficiencies, 
zone  2  and  zone  3  type  structures  can  be  developed  at  lower  bulk 
temperatures  than  previously  anticipated  and  that  intermixed 
layers  could  vary  from  a  sharply  defined  interface  of  less  than 
100  angstnms  to  broad  intermixed  layers  with  evidence  of 
intermi:  ir  approaching  1,000  angstroms.  Auger  depth  profiling 
(AES),  X-iay  diffraction  ( XRD) ,  transmission  electron  microscopy 
(TEM)  and  scanning  electron  microscopy  (SEM)  were  used  for 
examining  both  morphology  and  substrate-film  interfacial 
characteristics.  The  relative  ionization  was  used  for  comparison 
purposes  and  to  negate  the  broad  range  of  problems  associated 
with  developing  an  absolute  measure  of  the  percent  ionization. 
An  intermix  model  includes  examining  back  sputtering,  thermal 
diffusion,  atomic  mixing,  ionization  enhanced  diffusion  and  ion 
implantation.  An  evaluation  is  made  of  the  various  models  in 
relation  to  the  increased  relative  ionization  efficiency  and  the 
experimental  results. 


99 


D-4 


SURFACE  MODIFICATION  OF  STRUCTURAL  MATERIALS 
BY 

DYNAMIC  ION  MIXING  PROCESS 
by 

Shoichi  Nakashima,  Masatake  Fukushima,  Kitsuo  Haginoya 

Hitachi  Research  Laboratory,  Hitachi  Ltd. 

3-1-1,  Saiwaicho,  Hitachi-ahi,  Ibaragi-317,  -Japan 

and 

Isao  Hashimoto 

Kokubu  Works,  Hitachi  Ltd. 

1-1-1,  Kokubucho,  Hitachi-shi,  Ibaragi-316,  Japan 

and 

Kazuyoshi  Terakado 

Sawa  Works,  Hitachi  Ltd. 

2520,  Takaba,  Katsuta-shi,  Ibaragi-312,  Japan 


ABSTRACT 

Titanium  nitride  films  were  formed  on  metals  and  ceramics  substrates 
by  a  dynamic  mixing  process.  In  the  process,  titanium  evaporation  and 
nitrogen  ion  implantation  were  done  simultaneously .  The  process  of  TiN 
film  formation  was  studied  in  the  following  ways. 

(i)  Film  formation  by  the  dynamic  mixing  process  was  hypothetically 
separated  in  three  stages.  1)  N-ion  implantation  into  substrate;  2) 
mixing  of  vaporized  Ti,  sputtered  out  substrate  atoms  and  implanted  N- 
ions;  and  3)  steady  formation  of  the  TiN  film  by  Ti  vapor  and  N-ions 
on  the  surface  of  the  mixing  layer. 

(ii)  TiN  film  was  formed  on  the  Si  substrate  and  cross-sections  of  the 
specimen  were  observed  by  TEM  (Transmission  Electron  Microscopy),  and 
electron  diffraction.  From  the  TEM  images,  two  intermediate  layers 
were  observed  between  the  substrate  and  the  TiN  film.  The 
intermediate  layers  were  considered  to  be  the  N-ion  implanted  Si  and 
intermixed  layer  described  in  1)  and  2)  of  (i\  respectively. 

(iii)  Composition  of  the  intermediate  layers  was  analysed  quantitatively  by 
RBS  (Ruthurford  Backscattering  Spectrometry),  where  RBS  data  was 
modified  by  considering  the  effect  of  the  roughness  profile  of  the  TiN 
coated  surface. 

(iv)  Field  testing  of  punching  tools  was  done,  where  TiN  (2ym  thick)  was 
formed  on  the  punch  material  of  WC-Co  alloy  by  the  dynamic  mixing 
process.  The  TiN  coated  punches  showed  performance  twice  as  good  as 
that  of  uncoated  punches. 
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iiPIB-INDUCED  MELTING  AND  MIXING  IN  DEPOSITED  STRUCTURES 


by 

A.D.Pogrebnjak,  G.E.Renmev 
Nuclear  Physics  Institute,  634050  Tomsk,  USSR 


ABSTRACT 

The  review  of  experimental  results  on  ion  mixing  in  single 
and  multilayered  structures  on  surfaces  of  metals  exposed  to 
high  power  ion  beams  of  nanosecond  duration  obtained  in  Tomsk 
Nuclear  Physics  Institute  are  presented. 

Au-Cu,  Cu-Mo,  Pe-Pb,  Pe-Pb-Pe,  Pe-Cu-Pb,  Pe-Cu-Ag,  Pe-Ag-Pb 
systems  with  500  to  2000  A  thicknesses  of  deposited  films 
have  been  employed.  Double  films  were  4000  A  thick.  HPIB  ir¬ 
radiation  has  been  performed  on  TONUS  accelerator  with  techno¬ 
logical  parameters  of  a  beam  in  additional  chamber. 

Samples  could  be  synchronously  rotated  in  the  chamber.  The 
beem  area  per  one  pulse  was  100  to  200  cm2  „  The  beam  compo¬ 
sition  was  30%  H+  and  10%  C+  .  Ion  energy  was  of  E  =  0.2  to 
0.5  MeV,  pulse  duration  of  60  to  100  ns.  The  energy  density 
varied  from  0.2  to  5  J/cm2.  Mixing  in  the  layers  with  amor¬ 
phous  phase  formation,  metastable  states,  ordered  solutions 
and  new  structures  (  thermodynamically  insoluble  )  which  had 
not  been  described  in  the  literacy  were  obtained. 

In  the  given  report,  continuous  ion  beam  mixing  and  laser 
mixing  are  compared,  and  advantages  of  modification  under 
effect  of  pulsed  ion  beams  are  emphasized.  One  should  note 
good  results  obtained  on  silicide  formation  using  pulsed  ion 
beams  in  the  Cornell  University  Plasma  Physics  Laboratory. 
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NEW  COMPOUND  SYNTHESIS  BY  ION  ASSISTED  DEPOSITION  (EMPHASIZING 
THE  HIGH  T,  SUPERCONDUCTORS 

by 

Jerome  J.  Cuomo 
IBM  TJ.  Watson  Research  Center 
P.O.  Boa  218 

Yorktown  Heights,  NY  10598 


ABSTRACT 


Energetic  particle  bombardment  of  surfaces  will  change  the  properties  of  that  surface  accord¬ 
ing  to  the  particle  and  its  energy.  This  paper  is  a  review  of  low  energy  particle  bombardment  of 
surfaces  during  film  growth.  Both  property  modifications  and  compound  synthesis  are  presented. 
Energetic  particle  bombardment  (100-1000  eV)  during  deposition  alters  film  properties  such  as 
stress,  density,  electrical  resistivity,  chemical  purity,  hydrogen  distribution,  structure  and  composi¬ 
tion.  Changes  in  microstructure  and  orientation  are  found  in  Nb,  AIN  and  Group  IV  B  nitride 
films.  Synthesis  of  stable  and  metastable  phases  for  high  Tc  superconductors,  copper  oxides,  AIN, 
and  Group  IV  B  mono  and  higher  nitrides  are  also  possible  with  energetic  ion  bombardment. 

Superconducting  YBa,Cu,0,  films,  with  zero  resistance  at  about  87K,  have  been  deposited 
by  dual  ion  beam  sputtering.  The  ion  beam  sputtered  films  (about  l-2pra  thick)  are  single  phase 
after  annealing  in  oxygen. 

In  general,  the  superconducting  transition  temperature  is  found  to  depend  on:  substrate 
temperature  and  ion  beam  energy,  film  composition,  annealing  conditions,  and  the  nature  and  the 
magnitude  of  the  substrate/film  interaction. 
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N I TROGENAT I  ON  OF  METAL  SURFACES  BY  Ar*~10N  BOMBARDMENT 


by 

Y.  Baba  and  T.A.  Sasaki 

Department  of  Chemistry,  Japan  Atomic  Energy  Research 
Institute,  Tokai-mura,  Ibaraki-ken  319-11,  Japan 


ABSTRACT 


The  ion-induced  chemical  reactions  at  metal-gas  inter¬ 
faces  have  been  investigated  by  XPS  and  SIMS  for  nltrogena- 
tion  reactions.  Various  metal  targets  were  bombarded  with 
8-keV  Ar*  ions  in  nitrogen  atmosphere  under  a  pressure  of  l 
x  10-3  Pa.  The  formation  of  nitrides  was  appreciably 
promoted  by  the  Ar+-ion  bombardment  of  titanium,  vanadium, 
zirconium,  niobium  and  so  forth,  compared  with  those  by  the 
chemical  adsorption.  The  rate  of  the  ion-promoted  reaction 
in  the  surface  layer  was  also  faster  than  that  of  the  direct 
N2+  implantation  at  the  same  flux  as  that  of  the  Ar+  ions. 

•The  kinetic  treatments,  based  on  the  flux-dependence  of 
the  reaction  rate,  revealed  that  the  saturated  ratio  of  the 
N/Me  (Me:metal)  measured  by  SIMS  is  related  to  the  reaction 
rate  of  the  n i  t r ogena t i on .  Among  the  metals  examined,  the 
reaction  rate  of  the  n i t r oge n a t i o n  of  titanium  was  the 
fastest,  while  those  of  iron,  nickel  and  copper  were  negli¬ 
gibly  slow.  It  was  observed  that  the  rale  of  the  nitrogena- 
tion  reaction  depends  not  on  the  mass  of  the  target  metal 
but  on  the  chemical  reactivity  of  the  metal  with  nitrogen, 
i.e.,  Gibbs  energy  of  formation  of  the  nitride.  The  pos¬ 
sibility  of  applying  such  ion-promoted  chemical  reactions  to 
surface  modifications  of  materials  is  also  proposed. 
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STRUCTURE  AND  PROPERTIES  Or  TrVNIUK  CARBIDE  CROWN  BY 
DYNAMICAL  ION  BEAN  NIXING 

by 

S.Pimbert-Nichaux,  C. Chabrol 
UNIREC,  B.P.50  42702  Firsiny  (France) 

and 

M.F.Denanot,  J.Delafond, 

Laboratoire  de  Mdtallurgie  Physique,  U.A.131  CNRS 
40,  avenue  du  Recteur  Pineau  86022  Poitiers  (France) 


Titanium  carbide  coatings  have  been  obtained  by  ion  beam  assisted 
vapor  deposition.  The  experimental  apparatus,  operating  under  an  ultra  high 
vacuum  of  10-‘  Pa  during  deposition,  consists  of  an  evaporation  system  with 
two  8  kw  electron  guns  on  line  with  a  200  kv  multi-ions  implantor. 

The  titanium  carbide  was  synthetized  at  room  temperature  by 
simultaneous  evaporation  of  titanium  and  carbon  solids  assisted  with  argon 
ion  bombardment  at  high  energy  (120  kev) . 

Microstructural  analyses  by  Transmission  Electron  Microscopy  (TEM) 
show  that  the  coatings  are  homogeneous  with  very  small  grains  and  the 
diffraction  patterns  indicate  an  ordered  c.c.  crystalline  structure  of 
titanium  carbide. 

Chemical  and  analytical  analyses  of  these  coatings  by  luminescent 
glow  spectrometry  (LGS),  secondary  ion  mass  spectrometry  (SIMS)  and  X  ray 
photoelectron  spectrometry  (XPS)  techniques  have  also  been  performed. 

The  tribological  behavior  of  titanium  carbide  coatings  has  been 
investigated  by  adhesion  and  wear  tests  :  one  pm  thick  TiC  coating,  with  a 
specific  carbon  concentration,  shows  a  very  good  adherence  of  the  layer  on 
steel  and  gives  a  good  wear  behavior  with  a  low  friction  coefficient. 
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MIXING  OF  METALLIC  MULTILAYERS  WITH  LIGHT  IONS 


A.  Traverse  C.S.N.S.M.  BC  108,  91406  BP1  Orsay,  France 

and 

L.  Nevot,  B.  Pardo,  J.  Corno  Instltut  d'Optlque  BC  503,  BP  43  Orsay, 
France 


ABSTRACT 

The  Grazing  X  ray  Ref lectometry  technique  has  revealed  to  be  useful 
In  the  investigation  of  the  first  steps  of  the  Ion  beam  mixing  process. 
Due  to  Its  high  sensitivity,  mixed  layers  as  thin  as  a  few  X  can  be 
detected  (1). 

Effects  of  substrate  temperature  on  the  mixing  rate  of  metallic 
multilayers  such  as  NiPt  and  NIAu  with  He  ions  will  be  reported.  In  the 
case  of  light  ions,  the  cascade  regime  Is  linear.  So  that,  at  room 
temperature,  the  mixing  rate  was  understood  quantitatively  in  the  frame 
of  a  model  assuming  the  additivity  of  two  fluxes:  Jg  +  J.^  where  is 
the  ballistic  flux  and  is  the  flux  driven  by  the  gradient  of  chemical 
potential  (2).  A  comparison  of  the  mixing  rates  In  the  case  of  light 
particles  (He  ions)  and  heavier  ones  (Ne  lon6'  '-radiation  will  be 
presented  also. 


(1)  A.  Traverse,  M.G.  Le  Bolt6,  L.  Ndvot,  B.  Pardo  and  J.  Corno  Appl. 
Phys.  Lett.  51  (1987)  1901 

(2)  G.  Martin  Phys.  Rev.  B  30  (1984)  1424 
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PHYSICAL  PROPERTIES  OF  Ti-N  THIN  FILMS 


by 


A.  Cavalleri,  M.  Dapor,  F.  Giacomozzi,  S.  Girardi  and  F.Marchetti 
Divisione  Scienza  dei  Materiali 

Istituto  per  la  Ricerca  Scientifica  e  Tecnologica  -  I.R.S.T. 

38050  Povo  (TN)  -  ITALY 


This  paper  reports  on  the  preliminary  results  of  the 
characterization  of  films  of  titanium  nitride  (  Ti-N  )  produced  by 
different  techniques.  We  are  interested  to  evidence  the 
differences  of  the  Ti-N  films  obtained  by  reactive  sputtering  of  Ti 
in  a  nitrogen-rich  ambient  (RF  sputtering)  and  by  N-impIantation 
during  vapor-deposition  of  Ti  thin  films  (Ion  Beam  Enhanced 
Deposition  I.B.E.D.) 

The  overlayers  were  analyzed  by  four  point  probe  to  evaluate  the 
resistivity  and  using  a  Seeman-Bohlin  X-ray  diffractometer  to 
carry  out  information  about  the  structure  and  the  stoichiometry 
of  the  film.  In  order  to  get  a  complete  picture  of  the  chemical  and 
electronic  properties  of  the  atoms  in  this  system,  the  thin  films 
were  characterized  with  several  electronic  spectroscopies  like 
Auger  Electron  Spectroscopy  (AES),  X-ray  Photoelectron 
Spectroscopy  (XPS)  and  Electron  Energy  Loss  Spectroscopy  (EELS). 
The  observed  chemical  and  physical  properties  of  the  films 
strongly  depend  on  both  the  growth  technique  and  the  particular 
parameters  employed. 
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FORMATION  OF  Fe-TI  ALLOVS  BY  ION  BEAM  MIXING 
IN  THE  TEMPERATURE  RANGE  300  -  600  K 


by 


R  8RENIER,  P.  THEVENARD,  A.  PEREZ,  J.  RIVORY,  M  TREILLEUX 
Departement  de  Physique  des  Met§rieux 
Universite  Claude  Bernard  -  LYON  I 

43  Boulevard  du  1 1  Novembre  1918  -  69622  VILLEURBANNE  Cedex,  France 


A B SIR A Cl 


Multilayers  of  global  compositions  Fe^Ti^g  and  Fe4oT1y)  have  been  evapora¬ 
ted  onto  NaCl  substrates  in  ultra-high  vacuum  conditions  (10*9  T).  The  ion 
beam  mixing  process  has  been  performed  with  500  keV  Xe*  ions  with  a  sub¬ 
strate  temperature  ranging  between  300  and  600  K.  The  induced  metastable 
phases  have  been  characterized  by  Rutherford  backscettering  spectrometry  of 
a-particles  and  transmission  electron  microscopy.  The  temperature  range  for 
possible  amorphization  is  shown  to  depend  on  the  overall  composition  The 
amorphization  process  is  preceded  at  low  dose  (*  3.10’ 5  Xe*  cm*2)  by  the 
formation  of  small  FeTi  grains  ($  <  10  nm).  At  the  highest  doses  (>  101* 
Xe^.cm*2)  different  stationary  states  are  reached  depending  on  composition 
end  irradiation  temperature.  In  this  case  an  attempt  is  made  to  interpret 
these  results  in  the  framework  of  metastable  free  energy  d  egrems. 
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RADIATION  ENHANCED  DIFFUSION  IN  ION  BOMBARDED 
Ag/Ni  THIN  FILM  MULTILAYERS 


D.  Marton  \  J.  Fine,  and  GP.  Chambers 

/ 

Surface  Science  Division,  National  Bureau  of  Standards, 
Gaithersburg,  MD  20899  USA 

*  On  leave  from  the  Technical  University  Budapest,  Hungary 

ABSTRACT 

Radiation  enhanced  diffusion  (RED)  was  observed  during  the  AES 
sputter  depth  profiling  of  multilayered  Ag/Ni  thin  films.  Broadening  of  the 
thin  <4  nm)  Ag  layers  occurred  during  sputter  profiling  and  resulted  in  Ag- 
Auger-intensity  profiles  for  each  of  these  five  layers  which  were 
asymmetric,  exhibiting  a  steep  leading  edge  followed  by  a  more  slowly 
decreasing  tail.  These  findings  can  be  interpreted  in  terms  of  interface 
broadening  due  to  two  main  factors: 

1.  surface  roughening  -  symmetric  broadening. 

2.  radiation  enhanced  diffusion  of  Ag  -  asymmetric  broadening. 

With  this,  it  has  been  possible  to  seprate  these  factors  and  to  determine  the 
rate  of  RED. 


108 


0-13 


ION  IMPACT  INDUCED  DIFFUSION:  NEW  EVIDENCE 
FOR  A  COMPLEX  DEFECT  MECHANISM 

D.  Mar  ton  and  J.  Fine 

Surface  Science  Division,  National  Bureau  of  Standards, 
Gaithersburg,  MD  20699  USA 
*  On  leave  from  the  Technical  University  Budapest,  Hungary 


ABSTRACT 

Radiation  enhanced  diffusion  of  Ag  in  a  metastable  mixed  Ni-Ag  solid 
has  been  observed  in  real  time  during  AES  depth  profiling.  Bombardment 
with  Ar  ions  introduces  complex  defects  into  the  Ag-Ni  solid  which  give  rise 
to  diffusion  of  Ag  at  room  temperature.  The  rate  od  diffusion  depends 
linearly  on  the  defect  concentration  and  is  proportional  to  the  sputtering 
rate.  We  have  found  that  at  elevated  temperatures  (around  100-200  °C) 
the  complex  defects  tend  to  dissociate,  this  leads  to  a  decrease  in  the 
diffusion  rate  in  the  Ag-Ni  system  because  the  dissociation  of  the  complex 
defects  occurs  at  a  rate  faster  than  can  be  compensated  for  by  the 
increased  mobility  of  the  Ag  atoms.  ,In  some  other  material  systems  an 
increase  in  the  diffusion  rate  with  temperature  has  been  reported,  in  these 
systems  the  increase  in  atom  mobility  seems  to  be  the  more  relevant  factor, 
determining  the  temperature  dependence.  Radiation  enhanced  diffusion 
may  be  one  of  the  major  factors  contributing  to  interference  broadening  in 
sputter  depth  profiling,  understanding  its  temperature  dependence  may 
result  in  improved  techniques  for  obtaining  better  resolved  AES  and  SIMS 
depth  profiles.  The  complex  defect  mechanism  we  describe  may  be  a 
general  mechanism  for  radiation  enhanced  diffusion  due  to  ion 
bombardment. 
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TON  BEAM  ASSISTED  COATINGS 
FOR  CORROSION  PROTECTION  STUDIES 


by 


W.  Ensinger  and  G.K.  Wolf 
Physikalisch-Chemisches  Institut 
der  Universitat 
6900  Heidelberg,  FRG 


ABSTRACT 


Ion  implantation  and  ion  beam  mixing  have  been 
used  since  many  years  for  corrosion  protection 
studies. 

They  are  capable  to  produce  thin  layers  with  well 
defined  composition.  Besides  stable  phases  also 
metastable  or  amorphous  ones  outside  the  limits 
of  the  thermodynamic  equilibrium  with  interesting 
corrosion  properties  can  be  obtained.  But,  with 
the  exception  of  special  cases  there  is  a  serious 
drawback  for  their  practical  application,  the 
limitation  of  layer  thickness  which  is  crucial 
for  long  time  corrosion  protection. 

Combinihg  ion  beam  treatment  with  other  vacuum 
coating  techniques  like  evaporation  or  sputtering 
offers  the  possibility  of  producing  thicker 
layers  without  loosing  the  advantages  of  ion 
bombardment.  In  addition  also  mechanical  pro¬ 
perties  like  stress  and  adhesion  can  be  influ¬ 
enced.  Besides  metallic  coatings  also  compounds 
like  ceramics  with  outstanding  corrosion  and 
tribological  properties  can  be  produced. 

In  the  present  review  we  compare  results  of 
corrosion  and  mecanical  tests  performed  with  ion 
beam  assisted  coatings  like  Si,  B,  Al,  Cr,  AIN 
and  hard  carbon  on  steels  with  results  of  other 
workers  in  order  to  give  an  impression  of  the 
state  and  potential  of  this  techniques. 
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EFFECT  OF  REACTIVE  ELEMENT  ION-IMPLANTATION  ON 
THE  HIGH  TEMPERATURE  OXIDATION  OF  Ni-25wt%Cr 


P.  Y.  Hou 

Lawrence  Berkeley  Laboratory,  Materials  and  Chemical  Sciences  Division 
Berkeley,  CA  94720 

J.  Stringer 

Electric  Power  Research  Institute, 

Palo  Alto,  CA  94303 


ABSTRACT 

The  addition  of  minor  amounts  of  reactive  elements,  or  oxygen  active 
elements  such  as  Y,  Ce  and  HI,  is  known  to  have  a  number  of  beneficial 
effects  on  the  high  temperature  oxidation  of  Cr2Oj-  and  A120, -forming  alloys 
above  900°C.  For  A1303  formers,  the  scale  adherence  is  greatly  improved. 
For  CrjOj  formers,  other  than  t'  e  improved  scale  adhesion,  the  oxidation 
rate  is  also  reduced,  the  Cr203  growth  direction  is  altered  and  there  is  a 
reduced  transient  stage  resulting  in  less  or  no  base-metal  oxide  formation. 
Many  mechanisms  have  been  proposed  to  explain  these  reactive  element 
effects.  However,  the  exact  reasons  for  the  improvements  in  oxidation 
behavior  is  still  in  question.  The  purpose  of  this  study  is  to  further  under¬ 
stand  these  mechanisms  by  comparing  the  behavior  of  reactive  elements  addi¬ 
tions  as  ion-implanted  surface  species  and  as  alloying  components. 

The  influence  of  ion-implanted  Y,  Zr,  Hf  and  A1  on  the  high  tempera¬ 
ture  oxidation  of  a  Cr2Oj  forming  alloy:  Ni-25wt%Cr  is  studied.  Implanta¬ 
tion  dosages  raged  from  lxlO16  to  lxlO17  ions/cra*.  Oxidation  behavior  of 
the  unimplanted  and  the  implanted  specimens  were  compared  after  different 
exposure  times  under  1  atm.  dry  oxygen  at  1000°C  or  at  1100°C.  Among  the 
reactive  elements  studied,  Al-implantation  showed  no  beneficial  effects  on  the 
oxidation  behavior;  implanted  areas  even  showed  higher  degree  of  spallation 
due  to  effects  of  radiation  damage.  Y-,  Zr-  and  Hf-implants  all  reduced  oxi¬ 
dation  rates  to  the  same  degree.  However,  while  Y-  and  Hf-implants  also 
improved  scale  adhesion,  Zr-implants  did  not.  Compositions  and  micros- 
turctures  across  the  scales  formed  on  ion-implanted  and  unimplanted  speci¬ 
mens  were  studied.  In  particular,  the  location  of  implanted  species  in  the 
oxide  scales  were  followed  with  oxidation  times  using  secondary  ion  mass 
spectroscopy.  Comparison  of  results  were  made  between  specimens 
implanted  with  different  reactive  elements  and  with  situations  when  the  ele¬ 
ments  were  present  as  alloying  additions.  Possible  mechanisms  behind  the 
reactive  element  effects  are  thus  discussed. 
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PERTURBED  ANGULAR  CORRELATION  (PAC) 
AND  RUTHERFORD  BACKSCATTERING  (RBS) 


by 
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ABSTRACT 


Radioactive  1 1 1  In  is  the  standard  probing  atom  in 
perturbed  angular  correlation  measurements  (PAC) .  It  is  known 
to  trap  oxygen  atoms  with  high  probability.  1 1 1  In'  ions, 
implanted  into  a  metal  or  metaloxide  subsurface  layer  are 
therefore  highly  sensitive  marker  to  study  oxidation 
phenomena.  The  microscopic  PAC  technique  probes  only  the 
immediate  neighbourhood  of  the  marker.  In  contrast  the 
Rutherford  backscattering  method  (RBS)  yields  information  on 
the  depth  distribution  of  the  constituents  of  the  sample.  It 
shows  the  macroscopic  progression  of  the  oxidation  front  and 
the  overall  oxygen  concentration.  By  combining  both  methods  a 
microscopic  picture  of  the  oxidation  process  may  arise  in 
favorable  cases. 

Some  1011  1 1 1  In' ions  were  implanted  into  Cu  toils,  which 
were  oxidised  at  a  fixed  oxygen  pressure  either  isochronally  at 
increasing  temperature  or  isothermally  (To » =300-1100  K) .  The 
PAC  spectra  were  taken  at  room  temperature  by  means  of  a  set-up 
of  Nal(Tl)  or  BaFz  detectors  and  uhe  hyperfine  interaction 
parameters  were  determined.  These  parameters  were  compared  with 
those  obtained  in  PAC  experiments,  where  1 1 1  In  has  been  placed 
on  substitutional  metal  sites  in  CuO,  Cuz 0  and  InzOz.  Two 
different  oxidation  mechanisms  seem  to  be  at  work:  At  lower 
temperature  the  implanted  1 1 1  In  atoms  are  essentially  immobile 
and  sense  the  oxidation  of  the  metal  matrix.  At  higher 
temperatures  1 1 1  In  diffuses  and  the  precipitation  of  InzOz  is 
favoured . 
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EFFECT  OF  CE  IMPLANTATION  ON  THE  CORROSION  OF  ALLOY  800H 
IN  S-O-C  ENVIRONMENT 

by 
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and 

J.H.W.  de  Wit 

Lab,  for  Metallurgy  and  Materials  Science, 

Delft  University  of  Technology,  The  Netherlands 


ABSTRACT 


The  corrosion  behaviour  of  a  wrought  austenitic  20Cr-32Ni-Fe  alloy 
(Alloy  800H)  In  a  simulated  coal  gasification  atmosphere  at  700*C  was 
studied  for  exposures  ranging  from  as  short  as  a  few  minutes  to  periods  of 
up  to  1000  h.  The  Influence  of  Ce  upon  the  corrosion  resistance  of  the 
same  alloy  was  established  by  carrying  out  Identical  tests  after  Ion 
Implantation  of  the  specimen  surfaces. 

The  corrosion  kinetics  were  established  using  discontinuous  gravimetric 
measurements  and  a  range  of  conventional  structural  analysis  techniques 
was  used  to  characterise  the  structures  and  compositions  of  the  corrosion 
products  formed.  Techniques  used  Included  optical  metallography.  X-ray 
Diffraction  (XRD) ,  Scanning  Electron  Microscopy  (SEM),  Electron  Probe 
Micro  Analysis  (EPMA) ,  X-ray  Photon  Spectroscopy  (XPS) ,  Rutherford 
Backseat terlng  Spectroscopy  (RBS)  and  Secondary  Neutral  Mass  Spectroscopy 
(SNMS) .  In  addition,  early  stage  nucleatlon  and  growth  studies  were 
carried  out  using  a  hot  stage  microscope  with  an  environmental  chamber 
attached  followed  by  sequential  scanning  electron  microscopy. 

Implantation  of  1017  Ce  lons/cm*  was  Initially  found  to  improve  the 
corrosion  resistance  but  the  protective  capabilities  decreased  with 
Increasing  exposure  time.  Possible  mechanisms  for  these  observations  are 
discussed . 
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ELECTROCATALYTIC  PROPERTIES  OF  ION  IMPLANTED 
OXIDE  FILMS 

L.  Elfenthal,  J.  W.  Schultze 

Instltut  fiir  Fhysikalische  Chemie  und  Elektrochemie  der  Universitat 
DUsseldorf,  UniversitXtsstr.  1,  D-4000  DUsseldorf,  FRG 

0.  Meyer 

Kemforschungszentrum  Karlsruhe,  Institut  fiir  Nukleare  F es tkdrperphy  s ik 

D-7500  Karlsruhe,  FRG 

ABSTRACT 


Implantation  of  high  energy  ions  causes  a  radiation  damage  (formation  of 
Frenkel  defects)  as  well  as  a  doping  by  the  ion  stopping  in  the  oxide 
layer.  This  modifies  the  electrocatalytic  activity  and  makes  such  systems 
interesting  for  energy  conversion,  fuel  cells  and  electrocatalysis  /I/. 

In  continuation  of  recent  experiments  /2/  we  inplanted  oocide  films  with 
metal  ions,  e.g.  Pd  and  Ru.  The  noble  gas  Xe  has  ncn-cata lytic  activity. 
Therefore  Xe  inplanted  oxide  films  yield  a  separation  of  the  radiation 
damage  from  chemical  effects  by  doping.  While  the  radiation  changes  the 
electronic  properties  of  the  whole  passive  film  the  concentration  of 
surface  states  (metal  atoms  or  ions)  dominates  the  electrocatalytic 
behaviour.  These  properties  of  the  inplanted  oxide  films  were  tested  by 
measure ing  the  electron  transfer  reaction  (E7TR)  of  different  redox 
systems  in  a  potentiodynamic  scan.  Outer  sphere  reactions  ( e.g.Fe l*13*)  are 
suitable  to  test  the  electronic  conductivity  of  the  film,  inner  sphere 
reactions  (e.g.  H2 -oxidation,  02 -reduction,  Cl2 -evolution)  are  used  for 
tests  of  surface  properties. 

A  special  effect  was  seen  by  repassivation  of  a  Pd  inplanted  Ti02  elec¬ 
trode:  During  the  potentiodynamic  scan  up  to  5  V  the  Pd- ions  become  mobile 
and  move  to  the  surface.  The  Pd  enriched  layer  shews  an  enhanced  acti¬ 
vity. 

The  activation  energy  of  the  electron  transport  was  measured  by  variation 
of  the  temperature.  The  results  of  -these  experiments  were  compared  with 
other  techniques  of  modifications. 

/I/  G.K.Wolf ,  Nucl .  Instr.  Meth.  182/183  (81)  875 

/2/  J.W. Schultze,  L. Elfenthal,  K.  Lei  trier,  0.  Meyer,  Electrochim.  Acta, 
in  press 
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LOCALIZED  CORROSION  BEHAVIOR  OF  ALUMINUM  SURFACE  ALLOVS 
PRODUCED  BY  ION  BEAM  MIXING  AND  ION  IMPLANTATION 


by 


P,  M.  Natlshan,  E.  McCafferty  and  G.  K.  Hubler 
Naval  Research  Laboratory 
Washington,  DC  20375-5000,  USA 


The  corrosion  behavior  of  aluminum  surface  alloys  produced  by  ion 
implantation  and  Ion  beam  mixing  and  the  mechanisms  Involved  In  passive 
film  breakdown  are  discussed  In  this  paper.  Anion  adsorption,  the  first 
step  In  pit  Initiation,  Is  described  by  a  model  based  on  surface  charge 
considerations  and  the  pH  of  zero  charge  of  an  oxide,  pHpzc.  For  example. 
In  neutral  solutions,  the  surface  of  a  high  pHpzc  oxide  such  as  aluminum, 
consists  of  acidic  (positive)  sites,  which  are  receptors  for  Lewis  bases 
like  Cl“,  whereas  the  surface  of  a  low  pHpzc  oxide  such  as  molybdenum.  Is 
composed  of  basic  (negative)  sites,  which  Inhibit  CTadsorption.  This 
model  predicts  that  the  surface  charge  of  an  oxide  such  as  aluminum  oxide 
can  be  changed  by  introducing  other  oxide-forming  elements  Into  the  oxide 
film  and  thereby  Increasing  or  decreasing  the  pitting  potential.  Experi¬ 
mentally,  to  date,  all  of  the  ion  implanted  elements  selected  because  of 
the  low  pHpzc  of  their  oxides  (SI,  Cr,  Zr,  Nb,  and  Mo)  have  produced  binary 
surface  alloys  that  had  higher  (more  noble)  pitting  potentials  than  alumi¬ 
num,  and  the  implant  chosen  because  of  the  high  pHpzc  of  Its  oxide  (Zn) 
produced  a  binary  surface  alloy  that  had  a  lower  (more  active)  pitting 
potential  than  aluminum.  Ion  Implantation,  also,  provides  a  means  to 
change  the  mechanical  properties  of  the  oxide  and  has  provided  Information 
on  events  occurring  at  the  oxide/metal  Interface.  Ion  beam  mixing 
techniques  have  been  used  to  produce  Mo-Al  surface  alloys  with  higher 
surface  concentrations  of  Mo  and  that  have  a  greater  pitting  resistance 
than  pure  aluminum  or  the  Ion  Implanted  Mo-Al  surface  alloys. 
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Improved  High  Temperature  Oxidation  Behaviour  of  Alloys  by  Ion  Implantation 


M.J.  Bennett+,  D.J.  Chivers0,  M.R.  Houlton-*-  and  A.T,  Tuson+ 

Materials  Development-*-  and  Nuclear  Physics®  Divisions, 
Harwell  Laboratory,  Didcot,  Oxon.  0X11  ORA,  United  Kingdom. 


Numerous  studies  have  been  undertaken  during  the  last  decade  or  so 
examining  the  potential  of  ion  implantation  to  improve  the  high  temperature 
oxidation  of  a  range  of  metals  and  alloys.  Most  of  these  have  focussed  on 
improved  mechanistic  understanding  of  the  role  of  particular  elements. 
Ion-implantation  studies  have  provided  unique  information,  in  particular, 
concerning  the  effect  of  the  so  called  reactive  elements.  In  view  of  this 
success  it  is  now  pertinent  to  consider  whether  the  process  might  be 
utilised  industrially  to  provide  improved  high  temperature  corrosion 
protection  to  high  integrity  alloy  components  for  high  technology 
applications.  The  current  status  of  such  a  development  Involving  the 
20Cr/25Ni/Nb  stainless  steel  fuel  cladding  for  the  UK  advanced  gas-cooled 
nuclear  power  plants  will  be  described. 
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CORROSION  STUDIES  OF  REFRACTORY 
METALS  IN  HOT  ACIDS  BY  ION  BEAM 
TECHNIQUES 


by 


W.  Ensinger  and  G.K.  Wolf 
Physikalisch-Chemisches  Institut 
der  UniversitSt 
6900  Heidelberg,  FRG 


ABSTRACT 


Titanium  corroding  in  hot  oxidizing  acids  as  HNO, 
stays  in  the  passive  state,  however,  the  cor¬ 
rosion  rates  are  rather  high. 

Since  Ti  is  a  preferred  construction  material  for 
chemical  industry  appropriate  means  for  corrosion 
protection  are  of  great  interest.  Materials  with 
lower  corrosion  rates  in  acids  are  Zr,  Nb  and  Ta. 
However,  alloying  of  these  elements  with  Ti 
without'  degradation  of  the  bulk  properties  is 
restricted  by  the  phase  diagram.  Therefore,  we 
tried  to  produce  surface  alloys  of  Ti  with  higher 
concentration  of  the  alloying  element  by  ion 
implantation  and  ion  beam  mixing. 

Ta  was  implanted  into  titanium  with  different 
doses  and  its  corrosion  behaviour  studied  in 
comparison  with  the  pure  metals  and  conventional 
3%  or  10%  Ti/Ta-alloys .  Similar  experiments  were 
performed  with  Ti/Nb-,  Ti/Zr-  and  Ti/Ta-surface 
alloys  obtained  by  ion  beam  mixing.  The  corrosion 
tests  applied  were  current/potential  measure¬ 
ments,  and  determination  of  dissolution  rates  by 
neutron  activation  analysis  and  polarography . 

It  turned  out  that  the  Ti/Ta-system  was  the  most 
promising  choice.  The  highest  implantation  doses 
resulted  in  reduced  corrosion  compared  to  the 
conventional  alloys.  The  Ti/Ta-alloy  obtained  by 
ion  beam  mixing  was  even  better  and  had  a  very 
good  long  term  corrosion  behaviour. 
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Electrochemical  and  Corrosion  Behaviour  of  BN  Coated  Aluminum 
Alloys  Surfaces 

L.  Fedrizzi+,  M.  Elena*,  S.  Gialanella+,  M.  Dapor*,  L.  Guzman* 

+  Engineering  Department,  University  of  Trento 
*  Material  Science  Division,  IRST,  Trento 

Reactive  Ion  Beam  Enhanced  Deposition  (RIBED)  has  proved  to  be  a 
very  effective  surface  treatment  in  order  to  obtain  thick, 
homogeneous  and  protective  coating.  In  a  previous  work  we  showed 
the  very  promising  role  of  RIBED  obtained  boron  and  chromium 
nitride  coatings  in  order  to  reduce  the  corrosion  rate  of  ARMCO  iron. 
In  this  work,  which  is  part  of  a  wider  study  concerning  the 
aluminum  surface  treatments,  we  present  some  results  concerning 
the  corrosion  behaviour  of  industrial  aluminum  alloys  coated  with  a 
thick  BN  layer  obtained  by  RIBED. 

The  BN  film  was  produced  by  11  sequential  steps,  each  consisting  of 
a  26  nm  B  deposition,  followed  by  a  N2+  implantation  to  a  total  dose 
of  15.8x10”  N+/cmJ. 

For  sake  of  comparison,  BN  layers  3000  A  thick  were  also  obtained 
on  pure  aluminum  and  on  aluminum  alloys  by  the  magnetron 
cathodic  sputtering  tecnique. 

All  the  treated  samples  were  then  tested  in  different  aqueous 
environments.  The  corrosion  rate  was  measured  in  sodium 
hydroxide  and  sodium  sulphate  solutions  at  different  pH  values 
(3.2,  10,  12),  whereas  the  pitting  corrosion  susceptibility  was 
evaluated  in  sodium  chloride  solutions. 

Electrochemical  techniques  were  used  to  obtain  cathodic  and  anodic 
polarization  curves,  galvanic  corrosion  data  and  the  corrosion  rate 
as  a  function  of  time. 

Before  and  after  the  corrosion  tests,  the  morphological  and  chemical 
characterization  was  performed  by  using  Scanning  Electron 
Microscopy  and  electron  spectroscopy  tecniques. 

The  results  are  discussed  in  terms  of  the  chemical  reactivity, 
defectivity  and  structure  of  the  produced  BN  coatings. 
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THE  CORROSION  BEHAVIOUR  OF  ION  IMPLANTED  AISI 304L  AND  316L 
STAINLESS  STEELS  EM  ACID  AND  CHLORIDE-CONTAINING  MEDIA 

by 

C.  Ringas  and  F.P.A.  Robinson 
Department  of  Metallurgy  and  Materials  Eng 
University  of  the  Witwatersrand,  P  O  Wits,  Johannesburg  2050 
South  Africa 

ABSTRACT 

In  the  present  investigation,  the  pitting  and  general  corrosion  behaviour  of  AISI  304L  and 
316L  stainless  steels  ion-implanted  with  chromium  and  molibdenum  was  studied.  Ion 
implantation  was  carried  out  at  various  fluenccs  over  the  range  1  x  1015  to  1  x  1027  ion/cm2. 
The  composion  of  the  passive  films  after  implantation  was  studied  by  Auger  electron 
spectroscopy. 

Although  implantation  was  found  to  decrease  the  corrosion  rate  by  as  much  as  50%,  it  tended 
to  decrease  the  pitting  resistance.  The  decreased  pitting  resistance  may  be  attributed  to  the 
formation  of  an  inhomogeneous  passive  film. 
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THE  CORROSION  BEHAVIOUR  OF  ION  IMPLANTED  WC-Ni  AND  WC-CO  ALLOYS 
IN  ACID  AND  CHLORIDE-CONTAINING  MEDIA 

by 
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Witwatersrand,  Johannesburg  2050,  South  Africa 

ABSTRACT 

Alloys  of  WC-Co  (6-30%  Co)  and  WC-Ni  (6-15%  Ni)  were  implanted  with  nitrogen, 
chromium  and  molibdenum  ions.  The  corrosion  resistance  was  assessed  by  accelerated 
electrochemical  techniques,  such  as  potentiodynamic  and  pitting  scans  in  acid  and  chloride- 
containing  media.  Molybdenum  implantation  was  found  to  have  a  beneficial  effect  on  the 
corrosion  resistance  of  the  alloys.  This  was  due  to  an  increase  in  the  passive  range  and  a 
substantial  raising  of  the  pitting  potential  (Ep) 
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EFFECT  OF  Y,  S,  Y  +  S  AND  Xe  ION  IMPLANTATION 

ON  THE  OXIDATION  OF  Ni 

J.  M.  Hampikian  and  D.  I.  Potter 

Department  of  Metallurgy 
Institute  of  Materials  Science 
The  University  of  Connecticut 
Storrs  CT,  06268  (U.S.A.) 

The  oxidation  rates  of  nickel  were  determined  following  implantation  with 
Y+,  S+f  Y+  and  S+,  and  Xe+  ions.  Fluences  of  3  x  10’7  ions/cm1  were  im¬ 
planted  into  the  surfaces  to  be  oxidized,  and  the  resulting  composition  pro¬ 
files  were  found  by  Rutherford  backscattering  spectrometry.  The  samples 
were  then  oxidized  in  air  at  1  atmosphere  in  a  thermogravimetric  microbal¬ 
ance.  The  oxidation  temperature  range  investigated  was  700-1 100°C. 

The  role  of  implanted  ion  diffusion  on  oxide  scale  formation  and 
morphology  was  investigated  by  comparison  with  unoxidized  specimens 
annealed  in  ultra  high  vacuum  at  equivalent  temperatures.  Annealing  in 
vacuum  at  temperatures  above  500°C  and  below  1200°C  revealed  that 
yttrium  migrates  toward  the  surface,  an  effect  opposite  that  expected  from 
normal  diffusion.  The  resulting  surface  microstructures,  investigated  by  TEM 
and  EDX,  contained  Ni-Y  intermetallic  phases,  confirming  these  results. 
Yttrium's  role  in  improving  oxidation  resistance  of  structural  alloys  has  been 
linked  to  its  chemical  combination  with  and  immobilization  of  elements  such 
as  sulfur.*  This  suggestion  will  be  tested  here,  as  it  applies  to  nickel,  by 
comparing  specimens  implanted  with  both  Y*  and  S+  to  specimens  contain¬ 
ing  these  elements  implanted  individually. 

*  J.  G.  Smeggil,  A.  W.  Funkenbusch  and  N.  S.  Bumstein:  Metall.  Trans.,  1986, 
vol.  17A,  pp.  923-932. 
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The  Effect  of  Ion  Implantation,  Ion  Bean  Mixing  and  its  Combined 
Action  on  Aqueous  Corrosion  Resistance 

Tian  Wei,  Cai  Veiping,  Li  Jun,  Wu  Ruen, 

Wuhan  Iron  and  Steel  University,  Wuhan, Hubei,  China 

Abstract 

A  study  has  been  made  to  compare  the  effect  of  ion  implantation, 
ion  beam  mixing  and  its  combined  action  on  the  subsurface  of  iron. 
Pure  iron  with  and  without  Ti*  ion  implantation,  Ti+-depoaited  Fe 
which  then  undergo  Ar+  ion  beam  mixing  or  was  bombarded  with  N+  or 
0*  ion  beam,  the  last  one  is  called  as  combined  effect  of  ion  imp¬ 
lantation  and  ion  beam  mixing.  By  comparing  the  aqueous  corrosion 
resistance  on  surface  modificated  by  above  different  treatment. 

The  best  results  can  be  got  in  the  case  of  combined  effect.  There 
is  a  good  evidence  that  the  incorporating  ion  implantation  with 
ion  beam  mixing  has  much  better  effect  than  that  of  individually 
treatment,  the  critical  current  density  Ic  and  minimum  anodic 
passive  current  density  Im  are  decreased  by  one  or  two  orders  of 
magnitude.  TSM  has  been  proformed  to  characterize  the  structure. 
During  N  or  C*  ion  bombarded  here,  recoil  implantation  and  cascade 
mixing  take  place,  that  is  to  say,  Ti  film  atoms  and  Fe  substrate 
atoms  are  mixed  in  the  Ti/Fe  interface  region  {.because  of  the 
light  ion  implanted,  there  is  a  thin  amorphous  alloy  formed  in 
the  outer  layer  of  the  sample. 
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OXIDATION  OF  NITROGEN-IMPLANTED  ALUMINIUM  AND  SURFACE 
FILMS  OF  ALUMINIUM  OXIDE. 


G.  Sorensen  H.  Jensen^,  S.  Luces  f :  ,c^,  F.  Bodart^b,c*. 

(a)  Institute  of  Physics,  University  of  Arhus,  Arhus  C,  Denmark. 

(b)  Laboratoire  d  Analyse  par  Reactions  Nucleates  (LARN),  Facultes 
Universitaires  N-D  de  la  pail,  22  rue  Muzet,  B-5000  Namur  (BELGIUM). 

(c)  Institute  for  Studies  in  Interfaces  Sciences  (ISIS),  Facultes  Universitaires 
N-D  de  la  pad.  B-5000  Namur  (Belgium). 


A  well  know  surface-modification  process  of  aluminium  is  anodic 
oxidation  (1).  Further,  in  recent  years,  there  has  been  a  considerable 
interest  in  synthelizing  aliminium  nitrides  by  direct  implantation  in  order 
to  modify  the  tribological  properties  (2). 

Since  in  the  wear  process  of  aluminium,  oxidation  effects  play  an 
important  role,  it  has  been  the  scope  of  the  present  study  to  investigate 
oxidation  effects  of  nitrogen-implanted  aluminium  and  aluminium 
oxide/aluminium  systems. 

Pure  aluminium  and  anodized  aluminium  have  been  bombarded  with 
*^2*  beams  in  the  energy  range  of  100-500  Kev.  The  surface  roughness 

was  measured  with  a  Dektak  profilometer,  and  the  surface  stoechiometry 
was  investigated  by  Rutherford  Backscattering  Spectrometry  (RBS),  Nuclear 
Resonant  Reaction  Analysis  (NRA),  and  X-Ray  Photoelectron  Spectroscopy 
(XPS). 

Following  the  nitrogen  implantation,  the  implanted  surfaces  were 
oxidized  in  order  to  increase  the  thickness  of  the  oxide  film.  The  surface 
composition,  and  roughness  was  then  remeasured. 

The  results  indicated  that  the  stability  of  ion -synthesized  nitrides  and 
oxinitndes  of  aluminium  largely  depend  on  the  field  gradient  in  the  anodic 
oxidation  process.  These  finding  are  correlated  with  friction  measurements 
in  dry  and  wet  nitrogen  atmospheres  in  a  oscillatory  tribometer. 

( 1 )  G.Amsel,  J.P.  David,  COrtega,  S.Rigo  and  J.Siejka.  Nuci.  lost.  Meth.  149. 

705  (1978). 

(2)  S  Ohira,  M.  Iwaki.  Nucl.  last.  Meth  B 1 9/20  162.  (1987). 


126 


E-15 
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Electropolished  304 L  stainless  steel  specimens  were  implanted  with  phosphorus 
ions  to  flucnces  from  0.2  x  10'7  P+/cm2  to  6.0  x  1017  P+/cmJ .  The  ion  energy  was 
175  kev,  the  implant  temperature  less  than  50  degrees  centigrade,  and  the  im¬ 
plantations  were  performed  at  pressures  near  3  x  1  O'*  torr.  Microstructural 
characterization  of  the  samples  with  an  analytical  electron  microscope  revealed 
an  FCC  to  BCC  phase  transformation  at  low  fluence  (0.6  x  1017  P+/cmJ)  followed 
by  amorphous  phase  formation  which  peaked  at  4.5  x  10‘7  P+/’cmJ.  This  is  fol¬ 
lowed  by  a  second  BCC  transformation  from  the  amorphous  phase  at 
6.0  x  10'7  P+/cmJ . 


Composition  versus  depth  profiles  were  measured  using  both  Auger  spectroscopy 
and  Rutherford  backscattcring  spectrometry.  Maximum  phosphorus  concen¬ 
trations  occurred  at  depths  of  500  to  1000  angstroms,  with  phosphorus  concen¬ 
trations  of  30  atomic  percent  in  the  amorphous  phase.  Anodic  polarization 
experiments,  performed  on  specimens  with  the  amorphous  phase,  indicated  a 
hundred  fold  decrease  in  the  critical  anodic  current  density,  as  compared  to  un¬ 
implanted  304L  stainless  steel.  The  current  required  for  passivation  was  also  re¬ 
duced  significantly. 
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THE  EFFECT  OF  ION -IMPLANTATION  ON  THE  MECHANISMS  OF 
OXIDE  ADHESION  AND  HOT  CORROSION  OF  MCrAlY-TYPE  ALLOYS 


V.  Provenzano 
Naval  Research  Laboratory 
Code  6395 

Washington,  DC  20375/5000 


Ion-implantation  has  been  used  as  a  tool  to  Investigate  the  role  of 
oxygen  active  element  additions  on  the  oxide  scale  development  and  the  low 
temperature  hot  corrosion  (LTHC)  behavior  of  MCrAlY-type  coatings.  To  this 
end,  cast  CoCrAI  specimens  were  Ion-Implanted  with  either  yttrium,  hafnium  or 
cobalt.  Following  the  Ion-Implantation,  both  oxidation  and  low  temperature 
hot  corrosion  studies  have  been  conducted  on  the  partially  ion-implanted 
specimens.  The  oxidized  and  the  hot  corroded  specimens  were  subsequently 
examined  by  scanning  and  transmission  electron  microscopies,  by  energy- 
dispersive  X-ray  analysis  and  by  Rutherford  backscattering  spectroscopy.  It 
has  been  observed  that  voids  formed  on  the  alloy  at  the  metal /oxide  Interface 
during  the  oxidation  process.  The  size  and  the  density  of  these  interfacial 
voids  were  dependent  on  the  oxidation  temperature  and  the  exposure  time.  The 
formation  and  growth  of  these  Interfacial  voids  is  known  to  significantly 
reduce  the  adhesion  of  the  protective  oxide  scale  to  the  metal  surface  during 
exposures  of  the  alloy  at  elevated  temperatures  In  aggressive  environments. 
Ion-Implanted  yttrium  or  hafnium  greatly  suppressed  the  growth  of  the  voids  on 
the  coating  alloy,  whereas  Implanted  cobalt  had  little  effect  on  void  growth. 
It  Is  believed  that  the  formation  of  the  voids  on  the  unimplanted  surfaces  Is 
the  result  of  a  K1 rkendahl -type  of  effect.  As  for  the  hoc  corrosion 
exposures,  the  LTHC  attack  was  markedly  more  severe  In  the  yttrium-implanted 
surfaces  than  In  the  unimplanted  or  the  cobalt-implanted  or  hafnium-implanted 
surfaces.  Moreover,  little  difference  was  observed  in  the  LTHC  response 
betweerf  the  unimplanted  alloy  and  the  alloy  that  had  been  Ion-Implanted  with 
either  cobalt  or  hafnium.  For  all  experimental  conditions,  the  degree  of  LTHC 
attack  on  the  alloy  surfaces  Increased  with  exposure  time.  Mechanisms  will  be 
proposed  to  explain  both  the  enhanced  LTHC  attack  observed  in  the  yttrium- 
implanted  cast  CoCrAI  and  the  suppression  of  void  growth  during  oxidation 
observed  In  the  alloy  previously  Implanted  with  either  yttrium  or  hafnium. 


128 


ELECTROCHEMICAL  STUDIES  OF  Fe-Cr 
AMORPHOUS  PASSIVES  FILMS  PREPARED  BY  ION  BEAM 

Xiangjun  Fan,  Huaixi  Guo,  Quanhua  Yu 
Laboratory  of  Ion  Beam  Physics 
Department  of  Physics 
Wuhan  University,  Wuhan,  P.  R.  China 


ABSTRACT 


Amorphous  Fe-Cr  surface  alloy  passive  films  have 
been  formed  on  the  steel  both  by  Ar  ion  beam  mixing  and 
by  B  ,  P  ion  implantation  in  order  to  improve  localized 
corrosion  resistance.  The  resulting  surface  alloys  were 
chemically  characterized  by  Auger  electron  spectroscopy. 
The  corrosion  behaviour  of  these  specimens  was  evaluated 
by  means  of  the  multi-sweep  cyclic  voltametry  in  the 
electrolytic  solutions.  TEM  observation  indicates  the 
presence  of  the  amorphous  phase.  The  results  show  that 
both  ion  mixing  and  ion  implantation  can  produce  the 
stable  amorphous  surface  alloy  passive  films  on  the  steel, 
without  the  interface  of  the  film-substrate. 


In  this  paper,  we  report  our  experimental  results  of 
improving  the  corrosion  resistance  of  some  steel  work- 
pieces. 
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ACTIVITY  AND  SURFACE  COMPOSITION  OF  SPUTTER  DEPOSITED  Pc/y-AJ.203 

CATALYSTS 

by 

Antonino  Licciarde1 '0,  Fablo  Iacona  and  Salvatore  Plgnataro 
Dipart imento  di  Scienze  Chimiche,  viale  A.Doria  6 
95125  Catania,  Italy. 

Adolfo  Parmaliana,  Francesco  Frusterl  and  Nicola  Giordano 
C.N.R.  -  T.A.E.,  v.  Sallta  S. Lucia  sopra  Contesse  39 
98013  Pistunina  (ME),  Italy. 


Simple  and  dual  Ion  beam  sputter  deposition  techniques  have 
been  used  for  preparation  of  Pt/y-Al203  hydrogenation  catalysts. 
These  have  been  characterized  by  using  surface  tools  like  ESCA 
(XPS) .  The  activity  of  the  surfaces  has  been  measured  and  compa¬ 
red  with  that  of  an  impregnated  catalyst.  These  activities  have 
been  related  with  surface  composition.  The  direct  bombardment  of 
the  growing  film  in  the  dual  ion  beam  deposition  is  shown  to 
appreciably  affect  the  catalytic  activity  of  the  platinum-alumina 
sy  s  Cent . 
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ELECTROCHEMICAL  AND  CORROSION  BEHAVIOUR  OF  ARMCO  IRON 
AND  A  NUMBER  OF  CHROMIUM  STEELS,  IMPLANTED  WITH 
NITROGEN  IONS 


V.V.  Bereza*,  V.V.  Parshutin*,  P.L.  Bonora+,  L.  GuzmanA,  L.  Fedrizzi+ 

*  Institute  of  Applied  Physics,  MSSR,  Academy  of  Science,  Kishinev, 
USSR 

+  Engineering  Department,  University  of  Trento,  Italy 
A  Materials  Science  Division,  IRST,  Trento,  Italy 


Samples  of  ARMCO  iron  and  of  steel  with  varying  content  of 
chromium  (1-25%),  nickel  (2  -  13%),  molybdenum  (3%)  and  titanium 
(1%)  were  investigated  after  nitrogen  ion  implantation. 

Structure  modifications  (by  means  of  SEM  analysis)  as  well  as 
electrochemical  and  corrosion  behaviour  were  analysed.  Some 
assumptions  are  introduced  concerning  the  nature  of  the  surface 
alloys  being  formed.  New  chemical  phases  were  evidenced  by 
means  of  X-ray  diffraction  analysis.  The  chemical  composition  of  the 
alloys  seems  to  affect  the  final  distribution  of  nitrogen. 

An  improvement  of  both  corrosion  resistance  and  strength 
characteristics  of  a  number  of  samples  was  shown  up.  An  actual 
inciease  of  corrosion  resistance  of  the  surface  layers  is  considered 
to  be  the  consequence  of  inter  grain  boundary  absence.  The 
influence  of  carbon,  that  enters  the  alloy  compositions,  on  the 
corrosion  properties  of  the  alloys  is  observed.  Thus,  the  interaction 
of  passivating  elements  with  carbon  leads  to  the  formation  of  inert 
carbide  inclusions,  that  suppress  passivation  and  initiate  local 
corrosion. 

The  phenomenon  of  prevailing  dispersion  of  some  of  the  alloy 
components  and  formation  of  layers  with  modified  composition, 
connected  with  diffusion  processes  in  the  region  adjacent  to  the 
surface,  was  observed.  An  increase  of  diffusion  under  the  radiation 
influence  within  the  boundaries  of  the  modified  layers  (and  perhaps 
even  deeper)  was  noted. 

Electrochemical  polarization  measurements  ,  in  a  monomolar 
solution  of  sulphuric  acid  ,  allowed  to  determine  activation- 
passivation  transition  of  the  materials  under  investigation,  while 
pitting  corrosion  resistance  was  studied  in  a  buffer  solution  of 
sodium  chloride  with  a  pH  =  e 
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OXIDATION  RESISTANCE  STUDIES 
OP 

Ar*  AND  N*  IMPLANTED  304  STAINLESS  STEEL 

D-  C-  Kothari ,  L. Guzman,  E.  Voltolini, 

L.  Calliari,  A.Tomasi, 

Instituto  per  la  Ricerca  Scientifica  e  Tecnologica 
1-38050  Povo.  Trento  C  ITALY  >- 

S-  Gialanella,  P.  Scardi , 

Department  of  Engineering,  University  of  Trento, 
1-38100,  Trento  (  ITALY  >. 


Preliminary  studies  of  nitrogen  and  argon  implanted 
304  SS  indicate  that  the  nitrogen  implantation 
deteriorates  the  oxidation  resistance  whereas  the  argon 
implantation  makes  the  surface  more  oxidation 
resistant-  This  behavior  can  be  understood  as  a  cause 
of  possible  depletion  of  Cr  due  to  the  nitride  formation 
in  the  first  case  and  because  of  Ar  induced 
amorphizat ion  of  the  surface  in  the  second  case-  To 
verify  these  preliminary  experiments  and  the  possible 
sugested  mechanisms  a  systematic  study  is  presently 
undertaken-  The  implantations  are  carried  out  at  160 
keV  at  various  doses-  The  specimens  are  characterised 
by  thermogravimetry,  low  angle  XRD,  SEM ,  and  AES.  The 
experimental  results  will  be  presented  and  the  possible 
mechanisms  will  be  discussed  in  detail- 
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EFFECTS  OF  Ni  ION  IMPLANTATION 
ON  THE  OXIDATION  OF  POLYCRYSTALLINE  Cu 


D.  C.  Kothari  .  L.  Guzman,  L-  Calliari,  A.  Tomas i , 
I  R  S  T  ,  1-38050,  Povo,  Trento  (ITALY). 


S.  Gialanella, 

Department  of  Engineering,  University  of  Trento, 
1-38100,  Trento  (ITALY). 


P.  M.  Raole,  P.  D.  Prabhawalkar, 

R  S  I  C  ,  I  I  T  ,  Powai,  Bombay  400  076,  (INDIA). 


The  effects  of  introduction  of  nitrogen  in  Cu 
on  its  oxidation  behaviour  are  not  studied 
extensively.  probably  because  of  insolubility  of 
nitrogen  in  Cu .  Ion  implantation  is  a  promising 
technique  to  introduce  nitrogen  athermally  into  Cu. 
The  oxidation  behaviour  of  nitrogen  implanted  Cu 
was  studied  by  Naguib  et  al  .  They  observed  the 
increase  in  oxidation  rate  for  low  dose  specimens 
and  the  decrease  for  high  dose  specimens-  To 
understand  this  behaviour  completely,  the  present 
study  is  undertaken.  The  Nj  implantations  are 
carried  out  at  30  keV.  Thermogravimetric 
measurements  are  taken  at  various  temperatures. 
The  characterization  of  specimens  before  and  after 
oxidation  is  done  by  AES.  SEM  and  XPS.  Low 
temperature  oxidation  results  are  found  to  be 
similar  to  those  of  Naguib  et  al-  High  temperature 
oxidation  studies  show  lower  oxidation  rate  in 
initial  stages  of  oxidation,  for  high  dose 
specimens.  In  the  later  stages  the  oxidation  rate 
is  similar  for  all  the  specimens.  This  correlates 
well  with  the  observed  decomposition  of  nitride 
formed,  above  250  C  ,  reported  in  the  literature- 
The  decrease  in  oxidation  rate  seems  to  correlate 
well  with  the  presence  of  nitrogen  chemically 
bonded  to  Cu. 

1-  Naguib  et  al  ,  J  Vac  Sci  Technol ,  13  (1976)  396 
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Electrochemical  Study  of  Multiple  Energy  Nitrogen  Ion  Implanted 
Aluminum  Alloys 

Y.  Massiani+,  J.P.  Crousier4-,  L.  Fedrizzi*,  M.  ElenaA,  P.L.  Bonora* 

+  University  of  Provence,  Marseille 
*  Engineering  Department,  University  of  Trento 
A  Material  Science  Division,  IRST,  Trento 

Nitrogen  implanted  aluminum  is  reported  to  show  a  better  pitting 
corrosion  resistance.  The  corrosion  behaviour  appears  to  depend  on 
the  number  of  nitrogen  atoms  available  at  the  surface  and  the 
thickness  of  the  implanted  layer. 

In  single  energy  implantations  the  number  of  N  atoms  available  at 
the  surface  is  lower  than  that  in  the  bulk,  because  of  the  Gaussian 
nature  of  the  depth  profile  obtained.  To  overcome  this  difficulty,  we 
decided  to  obtain  a  thick  implanted  layer  and  a  flat  depth  profile 
by  using  multiple  energy  implantations. 

Aluminum  specimens  were  bombarded  with  N+  ions  in  three 
implantation  steps  of  80,  35,  and  15  KeV  energy  to  a  total  dose  of 
4.6xl017  N+/cm2  to  obtain  a  2000  A  thick  homogeneous  layer  of 
implanted  surface. 

The  implanted  specimens  were  tested  for  corrosion  resistance  in 
Na2S(>4  solutions  at  different  pH  values  ranging  from  acidic  to  basic 
conditions.  Cathodic  and  anodic  polarization  curves,  galvanic 
corrosion  data,  corrosion  potential  vs  time  plots  were  obtained  for 
implanted  and  unimplanted  specimens. 

The  samples  were  also  characterized  by  SEM  and  AES  before  and 
after  the  corrosion  test. 
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and 
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Materials  Development  and  «Nuelear  Physios 
Divisions,  Harwell  Laboratory,  Dldoot, 
Oxford shl  rs,  OKU  OiU, 

Uni  tod  King  do*. 


ABSTBACT 

The  Influence  of  tbs  ion-implantation  of  ssvoral 
elements  has  bssn  studied  upon  the  thermal  oxidation  of 
polycrystalline,  high  purity,  niokel,  In  oxygen,  at 
500-1100*0.  The  oxide  thicknesses  and  the  location  of 
the  implanted  elements  within  the  soales  were  determined 
by  KIMS  depth  profiling*  The  study  concentrated  on  the 
effect  of  yttrlus  implantation,  with  the  derivation  of 
the  dependences  iqpon  ion  dose,  time  and  temperature. 

The  possible  role  of  the  associated  physical  damage 
Introduced  by  Ion-Implantation  was  sxamined  by  comparison 
of  the  Y ♦  results  with  those  for  krypton  implantation  and 
also  following  post-lmpl antation  vaouusi  annealing.  The 
effectiveness  relative  to  yttrlus  Implantation  of  the 
Implantation  of  otfasr  reactive  elements,  oerlum,  lantha¬ 
num  and  ytterblun,  as  well  as  sllioon,  either  alone  or 
In  combination  with  yttrlus,  was  also  established. 
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Relationship  Between  Properties  and  Structures  under 
Different  Temperatures  of  Bombardment 

Tian  Wei,  Lit  Jiun,  Cai  Weiping,  Wu  Run 
Wuhan  Iron  and  Steel  University,  Wuhan,  Hubei,  China 

Abstract 

The  combined  effect  cf  ion  implantation  and  ion  beam  mixing 
of  iron  surfaces  is  discussed.  Pure  iron  samples  deposited 
with  Ti  films  of  different  thickness,  bombarded  with  N+  ions 
under  different  temperatures  have  been  studied.  Conclusions 
have  been  obtained  as  follows 

1.  The  corrosion  resistance  of  the  samples  subject  to  ion 
combined  effect  is  improved  significantly,  and  is  much  better 
than  that  of  Fe  or  Ti-deposited  Fe  with  and  without  Ar+  ion 
beam  mixing. 

2.  The  temperature  of  bombardment  plays  an  important  part  in 
surface  modification.  A  thin  TiN  amorphous  alloy  is  formed 
under  RT  bombardment,  so  that  the  corrosion  resistance  is  im¬ 
proved  remarkably,  the  critical  current  density  I* and  anodic 
passive  current  density  Im  decrease  more  than  one  order  of  mag¬ 
nitude.  With  a  rise  of  temperature,  the  surface  structures 
changed,  the  amorphous  alloy  on  surface  disappears. 

3.  The  thicker  the  Tl  film  is,  the  higher  the  corrosion  resis¬ 
tance  get,  but  the  thickness  of  Ti  films  is  not  so  important 

to  corrosion  resistance  as  temperature  of  implantation.  As  soon 
as  passive  film  formed,  the  corrosion  resistance  is  increased 
Immediately. 
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THE  CURRENT  STATUS  OP  METALLISATION  IN  INTEGRATED  CIRCUIT 

APPLICATIONS 
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Mayfield  Road, 

Edinburgh.  EH9  3JL 


With  the  progression  towards  increased  packing  density  in 
integrated  circuits,  more  and  more  emphasis  has  to  be  given  to 
solving  metallisation  problems-  Interconnection  resistance,  high 
current  density.  and  design  complexity  are  forcing  process 
engineers  to  use  metals  other  than  the  traditional  aluminium 
alloys  and  to  use  multiple  levels  of  interconnection. 
Metallisation  processes  can  now  represent  more  than  50*  of  the 
fabrication  process-  Enhanced  deposition  techniques  are  being 
utilised  in  an  effort  to  reduce  contact  resistance  and  to  give 
reliable  metallisation  over  high  aspect  ratio  features  where 
planarisat ion  of  both  interlayer  dielectric  and  metal  layer  is 
becoming  essential  in  the  most  complex  metallisation  schemes-  In 
this  paper  the  current  status  of  integrated  circuit 
interconnection  and  metallisation  will  be  reviewed-  The 
requirements  of  metallisation  in  devices  will  be  described  from 
both  the  electrical  and  fabrication  points  of  view.  Particular 
emphasis  will  be  given  to  the  use  of  ion  beam  techniques  e-g.  ion 
beam  cleaning.  reactive  ion  beam  etching,  dual.  sputtering  of 
alloys,  bias  sputtering  and  back  sputtering  for  conformal 
deposition  and  planarisat ion-  The  use  of  dynamic  recoil  mixing 
for  the  preparation  of  low  resistance  contacts  and  novel  alloy 
layers  will  be  described-  Where  appropriate.  results  from  the 
author's  laboratory  will  be  presented. 
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METALLIZATIONS  USED  IN  INTEGRATED  CIRCUITS 

AND 

ION  BEAM  EFFECTS 


G . Ottaviani 

Dipart imento  di  Fisica, 
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Italy- 


The  properties  of  a  metal  film  can  be  changed 
by  using  an  ion  beam  either  during  or  after  the 
film  deposition.  Ion  beam  assisted  deposition  and 
ion  mixing  are  examples  of  the  use  of  ions  for 
changing  the  properties  of  the  metallization-  Ion 
sputtering  with  preferential  erosion  is  also 
another  aspect  of  ion/metal  interactions.  After 
reviewing  the  results  obtained  with  ion  mixing  with 
emphasis  to  compound  formation  and  metastable 
phases,  will  be  presented  the  possibilities  offered 
by  the  ion  beam  assisted  deposition  technique-  With 
this  technique  it  is  possible  to  produce  films  with 
unique  properties  in  terms  of  composition, 
mecanical  properties  and  structure.  Sputtering  is 
also  another  aspect  of  ion/matter  interaction-  We 
will  present  the  most  recent  result  of  preferential 
sputtering  of  alloys  as  a  function  of  the  Kind 
ions  and  their  energy- 


of 
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A  METAL  VAPOR  PLASMA  SYSTEM  FOR  THIH  FILM  METALLURGY 


by 


P.  U.  Kidd 
TRW  Space  &  Defense 
Redondo  Beach,  California 


ABSTRACT 


A  metal  vapor  plasma  system  that  can  generate  metal, 
predominantly  singly  Ionized  plasmas  from  a  wide  range  of  metals 
is  being  used  to  generate  thin  films  for  microelectronics  and 
other  applications.  The  system  Is  presently  being  used  for 
research  Into  developing  techniques  for  filling  high  aspect  ratio 
holes  In  microelectrical  devices,  generating  Fresnel  zone  plates 
for  x-ray  microscopy  and  applying  very  thin  (  0.3  )  highly 
reflective  coatings  for  heat  shielding.  In  addition,  very 
smooth,  thick  coatings  of  metals  such  as  Cu,  A1 Nl,  and  Pu  can 
be  put  down  at  high  rates.  RMS  values  of  300  A  are  common  for 
thicknesses  of  200  microns.  It  is  possible  to  bias  the  substrate 
while  coating.  The  system  Is  unique  for  the  following  reasons. 

(1)  It  has  a  magnetically  confined  plasma  which  Is 
Ionized  using  microwave  energy  via  electron 
cyclotron  resonance  heating. 

(2)  A  very  high  ion  to  neutral  ratio  exists,  100/1. 

(n  10^/cmsat  background  pressures  of  10'6  Torr 
are  common . ) 

(3)  Mostly  singly  ionized  plasmas  are  generated,  90%. 

(4)  Large  areas  up  to  IS  cm  in  diameter  can  be  treated 
In  the  present  machine. 

(5)  Pure  metal  plasmas  can  be  generated  with  many  metals. 

(6)  High  deposition  rates  (greater  than  1  /min  can  be 
obtained  from  most  metals. 

The  design  of  the  MVP  machine  Is  discussed  along  with  some 
results  on  our  metal  flll-up  experiments  for  High  Aspect  Features 
In  Microelectronics. 
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ABSTRACT 


The  crystalline  and  electrical  properties  of  oxide  and 
nitride  layers  in  aluminum  produced  by  high  dose  implantation  of 
oxygeo8and  nitrogen  ions  were  investigated.  2  High  dose  of  oxygen 
( 4x10*  lons/cni  )  and  nitrogen  ( 2x 10 1  ions/cm4 )  molecule  ions  were 
implanted  into  polycrystalline  and  single  crystal  aluminum  sheets 
using  1  ow  current  densities  of  ISO  keV  at  room  temperature.  The 
implanted  layers  were  characterized  by  means  of  AES,  XPS ,  X-ray 
diffraction,  transmission  electron  diffraction  and  microscopy. 

The  electrical  resistivity  and  breakdown  electric  field  strength 
of  oxide  and  nitride  layers  were  measured  by  current-vol tage 
characteristics . 

It  was  shown  that  hig!  'ose  oxygen  ion  implantation 
produces  microcrystalline  Y  -Ai „t>« , whereas  implanted  nitrogen 
leads  to  polycrystalline  or  single  crystal  AIN  layers  without  any 
thermal  anneal ing , and  it  is  possible  to  form  insulating  layers  in 
aluminum  using  ion  implantation  techniques. 

Furthermore,  the  difference  of  the  phase  formation  between 
oxide  and  nitride  by  high  dose  implantation  into  aluminum  was 
discussed.  The  conduction  properties  of  insulatig  layers  were 
also  described. 


♦Present  address:  Alcan  International  Ltd . .Kingston  Laboratories, 
P.O.Box  8400,  Kingston,  Ontario  K7L  4Z4  Canada 
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A r  ION  BEAM  EFFECT  UPON  PHOTOEHISSIVS  THIN  FILMS 


P.  Dolizy  -  F.  Groliere 


Laboratolres  d'Electronique  et  de  Physique  Appliquee* 
3,  avenue  Oescartes,  94451  Limeil  Brevannes,  France 


This  work  is  concerned  with  photoemi ssive  materials  such  as 
NagSb  and  Na2K$b  deposited  on  glass  substrates  under  UHV  conditions.  Auger 
Electron  Spectroscopy  (A.E.S)  associated  with  optical  transmittance  and 
reflectance  measurements  have  been  performed  during  thin  film  growth  and 
ion  bombardment. 

Let  us  first  consider  the  growth  of  the  thin  layers.  The  A.E.S. 
and  optical  measurements  are  used  to  determine  surface  composition  and 
bulk  optical  complex  Index  (fi  *  n-ikl  of  the  material  versus  growth  time 
(or  thickness).  The  goal  is  to  achieve  thin  films  which  are  homogeneous  in 
a  direction  perpendicular  to  its  surface.  This  feature  Is  assumed  to  be 
obtained  when  the  surface  composition  as  well  as  the  optical  constants  (n 
and  k)  as  deduced  from  A.E.S  and  optical  analyses  respectively  remain 
constant  with  respect  to  the  film  growth  time. 

The  second  step  is  concerned  with  Ar  ion  bombar dement  effect  on 
such  films.  When  applied  to  those  films.  It  induces  optical  changes  of  the 
material.  It  Is  demonstrated  that  the  film  goes  from  homogeneous  to 
heterogeneous  composition  In  depth.  Auger  analyses  also  show  a  large 
surface  composition  evolution  In  terms  of  alkali  to  antimony  ratio. 

As  an  example,  the  surface  of  an  Initial  Na3Sb  material  is 
successively  made  Into  NaSb  and  then  almost  pure  Sb  in  the  course  of  the 
ion  bombardment  time.  So,  the  surface  composition  goes  from  the  material 
exhibiting  the  greatest  alkali  content  (smallest  binding  energy  between  Na 
and  Sb  atoms)  to  the  poorest  one.  The  chemical  binding  energy  between 
atoms  appears  to  control  the  bombardment-induced  composition  changes  at 
the  surface  and  in  depth  as  well. 

The  physical  perturbation  takes  place  in  the  films  up  to  1000  A 
in  depth.  As  a  result.  Ion  milling  technique  applied  on  such  materials  for 
A.E.S.  profiling  analyses  cannot  be  related  to  the  actual  composition  of 
the  film  existing  before  Ion  bombardment. 

Finally,  Ion  beam  effects  upon  materials  can  be  really  well 
analysed  with  the  help  of  a  surface  analysis  technique  (A.E.S)  associated 
to  optical  reflection  and/or  transmission  measurements. 


*IEP  :  a  member  of  the  Philips  Research  Organization 
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ANNEALING  EFFECTS  OF  OXYGEN-  AND  N I TROGEN- IMPLANTED  ALUMINUM 


Shigeo  OHIRA* 

NIKKEI  Techno-Reseal ch  Company,  Ltd. 

1-34-1,  Kambara,  Ihara-gun,  Shi zuoka-ken ,  421-32,  Japan 

Masaya  IWAKI 

RIKEN  (The  Institute  of  Physical  and  Chemical  Research) 
Hirosawa  2-1,  Wako,  Sai taraa-ken ,  351-01,  Japan 


ABSTRACT 

We  have  shown  that  high  dose  oxygen  and  nitrogen  molecule 
ion  implantation  into  aluminum  can  result  in  the  formation  of 
microcrystalline  Al_0,  an{*  crystalline  AIN  layers  at  room 
temperature  without  any  thermal  annealing. 

In  this  study,  the  effects  of  post-implantation  thermal 
annealing  on  the  concentration  profiles  of  implanted  ions  and 
the  formed  structures  were  investigated.  The  thermal  annealing 
treatment  wa9  carried  out  at  300*C  for  1  hour  in  a  vacuum 
ambient.  The  distribution  of  implanted  oxygen  and  nitrogen 
before  and  after  annealing  was  measured  by  means  of  AES  combined 
with  argon  sputtering.  The  change  of  crystalline  structure 
after  annealing  was  examined  by  X-ray  diffraction.  The 
difference  in  behaviour  between  oxygen  and  nitrogen  in  aluminum 
was  observed  by  AES  depth  profiles  of  oxygen-  and  nitrogen- 
implanted  annealed  specimens,  whereas  annealing  did  not  produce 
any  structual  transformation. 

From  these  results,  the  process  of  compound  formation  by- 
high  dose  oxygen  and  nitrogen  implantation  into  aluminum  was 
considered,  and  the  mechanism  of  self  ion-beam  induced 
crystallization,  which  we  introduced  for  explaining  an  ion  beam 
synthesis  of  crystalline  compounds,  was  also  discussed. 


♦Present  address:  Alcan  International  Ltd . (Kingston  Laboratories, 
P.O.Box  8400,  Kingston,  Ontario  K7L  4Z4  Canada 
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MOSSBAUER  STUDY  OF  THE  FORMATION  OF  METALLIC  LAYERS  BY  ION 
IMPLANTATION  OF  Co  IN  Si 
by 

ir  ★* 

A.  Vantomme*,  M.F.  Wu  ,  I.  De2Si  ,  G.  Langouche 
Instituut  voor  Kern-  en  Stralingsfysika,  University  of  Leuven, 

B-3030  Leuven,  Belgium 

Buried  silictde  layers  were  formed  by  implantation  of  Co  in  Si  at  diffe¬ 
rent  energies  (up  to  a  dose  of  2xl017  atoms/cm2)  at  a  target  temperature  of 
280*C.  The  ion  beam  consisted  of  S9Co,  which  was  alternated  with  a  small 
fraction  of  57Co,  the  radioactive  parent  of  the  57Fe  Mossbauer  isotope. 
After  Implantation,  this  system  was  thermally  annealed  at  temperatures  up 
to  1200*C.  After  annealing  above  800*C,  the  Mossbauer  spectrum  of  CoSi2 
appeared.  Rutherford  Backscattering  Spectroscopy  measurements  were  perform¬ 
ed  simultaneously,  and  show  the  formation  of  a  buried  Co-slllclde  layer. 

The  buried  CoSi2- layers  show  an  anomalous  Mbssbauer  spectrum.  Although 
this  silicide  is  known  to  be  cubic  (and  therefore  is  expected  to  give  rise 
to  a  single  line  Mbssbauer  resonance)  the  spectrum  always  contains  a  rather 
broad  side  resonance,  with  an  amplitude  depending  on  the  annealing  tempera¬ 
ture.  This  side  resonance  indicates  that  a  large  fraction  -  typically  20  to 
30?  -  of  the  Co-atoms  has  an  non-cubic  surrounding.  Possible  origins  of 
this  phenomenon  are  considered. 


+  Research  Assistant,  N.F.W.O.  (National  Fun-1  for  Scientific  Research) 
Belgium. 

★ 

On  leave  from  Beijing  University,  Beijing,  China. 

On  leave  from  the  Central  Research  Institute  for  Physics,  Budapest, 
Hungary. 
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STRUCTURAL  AND  ELECTRICAL  STUDIES  OF  VANADIUM  SILICIDE  LAYERS 
SYNTHESISED  BY  HIGH  DOSE  ION  IMPLANTATION. 

by 

V. P#  Salvi,  S.V.  Vi d wans,  A.M.  Narsale,  A.A.  Rangwala 
Department  of  Physics,  University  of  Bombay, 
Vidyanagari,  Bombay-400  098,  India* 

and 

Animesh  K,  Jain,  Kuldeep 

Nuclear  Physics  Division,  B.A.R.C.,  Bombay-400  085,  India. 

abstract 

It  has  been  reported  earlier  that  high  dose  ion  implantation 

of  (  V)  ions  into  silicon  produces  coherent  silicide 

layers  |l|.  This  technique  has  many  potential  advantages 

over  the  conventional  techniques  of  forming  silicide  layers. 

20 

30  KeV  ions  are  Implanted  to  the  doses  ranging  from  1x10 
i/m  ,  to  5x10  1/m  ,  into  single  crystal  silicon  and  a-Si 

films,  thermally  deposited  on  Si02  substrates.  The  evolution 
of  silicide  phases  in  the  layers  have  been  studied  as  a  func¬ 
tion  of  Isochronal  anneal  treatment,  using  XRD  and  RBS  tech¬ 
niques,  The  as  implanted  layers  are  mixture  of  all  vanadium 
silicide  phases,  which  tend  to  convert  to  a  silicon  rich  phase 
VSi2#  The  sheet  resistance  and  resistivity  show  a  gradual 
decrease  due  to  the  decrease  of  defects  produced  by  ion 
implantation  on  annealing  and  also  due  to  the  changes  in  the 
silicide  phases.  The  resistivity  value  saturates  to  the  value 
close  to  that  reported  for  VSi2  phase.  Barrier  height  measur¬ 
ements  using  schottky  diode  structures  will  also  be  reported 
in  this  paper. 

|1|  V.p.  Salvi,  et  el,  Surface  Sci.,  189/190  (1987)  1143. 
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IMPROVEMENT  OF  MICROWAVE  ION  SOURCE  FOR  SURFACE  MODIFICATION 


by 


N.  Sakudo,  K.  Tokiguchi  and  T.  Seki 
Hitachi  Research  Laboratory,  Hitachi,  Ltd. 

4026  Kuji-cho,  Hitachi-shi,  Ibaraki-ken,  319-12  Japan 

H.  Koike 

Naka  Works,  Hitachi,  Ltd.,  Katsuta-shi,  Ibaraki-ken,  312  Japan 

and 

M.  Iwaki 

The  Institute  of  Physical  and  Chenical  Research  (RIKEN) 
Wako,  Saitana,  3S1-01  Japan 


ABSTRACT 

Ion  beam  modifications  of  metal  surface  layers  to  new  metastable  alloys 
require  various  kinds  of  ion  species.  Microwave  ion  sources  have  been 
used  to  produce  high  current  metallic  ion  beams[1],  [2J.  Most  metallic 
elements  as  source  materials  can  be  obtained  in  the  form  of  solid  or 
liquid  halides,  which  are  more  easily  vaporized  than  solid  metals. 
However,  the  usage  of  halides  requires  mass  separation  of  ion  beams,  which 
limits  implant  currents. 

To  increase  mass-separated  implant  currents,  the  ion  beam 
characteristics  should  be  matched  to  the  massseparator  optics.  For  this 
purpose,  the  beam  qualities  of  the  ion  sources  need  to  be  studied.  Thus, 
the  authors  have  developed  an  apparatus  that  can  measure  the  profiles  and 
emittances  of  beams  and  can  experiaentally  evaluate  the  degree  of  matching 
between  an  ion  source  and  the  mass-separator  optics.  It  consists  mainly 
of  an  emittance  measuring  device,  a  mass  separator  and  a  bean  profile 
monitor.  The  entire  system  is  controlled  by  a  personal  computer,  which 
also  processes  the  data  obtained.  This  apparatus  can  handle  high-power 
beams  of  up  to  2  kW.  In  addition,  the  ion-optical  parameters  of  the  mass 
separator  can  be  varied  by  remotely  changing  the  entrance  and  exit 
angles  of  the  ion  beans. 

Slit-shaped  beams  from  a  microwave  ion  source  were  measured  with  the 
apparatus.  It  was  found  that  the  mass-separator  transmission  was  mainly 
limited  by  emittance  deterioration  corresponding  to  the  length  of  the  ion 
source  slit  rather  than  the  width.  The  emittance  for  the  length  depends 
on  the  plasma  density  distribution  along  the  slit,  which  was  found  to  be 
closely  related  to  the  vapor-inlet  system  of  the  plasma  chamber.  With 
this  determination  of  what  limits  the  transmission,  the  conditions  for 
further  improving  the  implant  currents  of  metallic  ion  species  were 
obtained. 

References 

fll  N.  Sakudo,  K.  Tokiguchi  and  H.  Koike,  Vacuum,  34  (1984)  168 
[2]  M.  Iwaki,  K.  Yoshida,  N.  Sakudo  and  S.  Satou,  Nucl.Instrum.  and 
Meth.in  Phy.  Res.,  B6  (1985)  51 
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ELECTRONIC  PROPERTIES  OF  Al-Kn 
QUASICRYSTALLINE  FILMS  FORMED  BY  ION  BEAM  MIXING 


Xiangjun  Fan,  Huaixi  Guo,  Quanhua  Yu,  Shuqi  Hang, 
Chengming  Tian 

Laboratory  of  Ion  Beam  Physics 
Department  of  Physics, 

Uuhan  University,  Vuhan,  P.  R.  China 


ABSTRACT 


Alternating  Al-Kn  layers  are  deposited  on  quatz  and 
A1203  substates  which  are  placed  on  a  variable  tempera¬ 
ture  target  of  200  Kev  implanter.  The  multilayered  films 
are  irradiated  with  Ar  ions.  Mixing  at  100-200*C  produces 
the  icosahedral  phase  for  concentration  of  Mn  between 
10  and  20  atJJ£  while  mixing  at  77  K  produces  an  amorphous 
phase. 


"In  situ"  annealing  at  successively  higher  tempera¬ 
tures  produces  the  transformation  sequence:  amorphous 
icosahedral  -+  crystalline.  "In  situ"  electrical  resis¬ 
tivity  variations  measured  continuously  both  during  the 
ion  bombardment  and  during  the  annealing  show  these  phase 
transformations.  A  model  is  proposed  to  explain  the 
observed  kinetics. 
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THE  EFFECTS  OF  NITROGEN  AND  BORON  ION 
IMPLANTATION  ON  THE  PERFORMANCE  OF 
ELECTRIC  CONTACTS  • 


by 


Xu  Shi.ru,  Zhang  Ying 
Xi'an  Jiaotong  University 
Xi'an,  China 


ABSTRACT 


The  article  studies  the  effects  of  ion  implan¬ 
tation  on  the  performance  of  electric  contacts.  N+ 
and  B+  was  implanted  to  some  kinds  of  electric 
contacts,  then  a  make  and  break  test  and  other  tests 
were  made  with  the  electric  test  machines.  Parame¬ 
ters  of  weight  loss  of  contacts,  temperature  rise, 
contact  resistance  and  transfer  of  material  between 
ion  Implanted  contacts  and  unimplanted  contacts 
were  measured  and  some  valuable  results  have  been 
got.  With  the  contacts  implanted  by  ion,  especially 
by  Boron  ion,  all  of  the  parameters  after  the  make 
and  break  tests  were  decreased  as  compared  with 
those  unimplanted.  It  has  been  shown  that  it  is 
very  promising  to  improve  electric  contacts  by  ion 
implantation. 


•  The  prolect  supported  by  National  Natural  Science 
Foundation  of  China 
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PLASMA  OXIDATION  OF  METALS  AND  SEMICONDUCTORS! 

MECHANISM  AND  TECHNOLOGICAL  APPLICATIONS 

by 

V.A.LABUNOV 

Byelorussian  Academy  of  Sciences,  220072  Minsk,  USSR 

and 

V.P.FARKHUTIK 

Minsk  Radi oengi neer  i  ng  Institute,  220600  Minsk,  USSR 

ABSTRACT 

The  process  o-f  metal  and  semiconductor  oxidation  in 
low-temperature  oxygen  plasma  is  studied  both  experimentally 
and  theoreti cal  1 y . 

Experimental  work  has  comprised  a  deslghn  of  multi-task 
generator  of  oxygen  plasma,  study  of  kinetics  of  oxidation  of 
metals  (aluminium,  tantalum,  zirconium)  and  semiconductors,  as 
well  as  analysis  of  chemical  composition  of  oxides  by  XPS,  AES 
and  EDX  facilities.  The  kinetics  of  oxide  growth  obeys  linear 
law  in  a  plasma  of  glow  hot-cathode  discharge  with  several 
stages  of  different  growth  rates.  Chemical  composition  of 
plasma  oxides  resembles  that  of  stoichiometric  oxides  obtained 
by  thermal  oxidation,  although  the  former  exhibit  a  transition 
region  at  oxide/substrate  interface  of  disturbed  stoichiometry 
and  segregated  oxide  phases. 

Theoretical  research  has  tackled  problems  of  increasing 
oxide  growth  rate,  clarifying  the  role  played  by  various  plasma 
particles  in  oxidation  process  as  well  as  simulation  of 
electrophysical  properties  of  oxide  films. 

Present  state  of  the  art  and  future  prospects  for 

technological  applications  of  plasma  oxides  are  reviewed. 
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ION  BEAM  PI-  SSSING  FOR  INDUSTRIAL  APPLICATIONS 

K.  Hirvonen 
Spire  Corporation 
Patriots  Park 
Bedford,  KA  01730 
U. S. A. 


Ion  beam  processing,  well  established  in  the  semiconductor 
industry,  is  steadily  evolving  in  a  wide  diversity  of  other 
applications.  Its  acceptance  depends  on  technical  merit,  economic 
considerations,  competing  processes  and  highly  individual  hurdles 
or  barriers  to  acceptance  for  each  particular  application- 

This  talk  will  discuss  some  of  the  most  promising 
applications  of  ion  beam  processing  in  the  framework  of  the 
considerations  mentioned  above.  Application  areas  to  be  discussed 
include  tooling,  medical  products,  and  aerospace  components  such 
as  precision  bearings.  Examples  of  recent  surface  modification 
developments  involving  ion  implantation,  ion  beam  mixing  and  ion 
assisted  deposition  will  be  discussed  and  compared  from  an 
industrial  perspective. 
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IMPROVEMENT  IN  FRICTION 
AND  HEAR  OF  HARD  CHROMIUM  LAYERS 
BY  ION  IMPLANTATION 


by 
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and 
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Akzo  Materials  and  Corrosion  Engineering 
Dept . t  Surface  Engineering  and  Tribology 
P.O.Box  25,  NL-7550  GC  Hengelo  Ov  (The  Netherlands) 


ABSTRACT 


Hard  chromium  layers  are  widely  used  for  coating  of  fiber- 
guiding  elements  in  the  man-made  fiber  industry.  A  low  wear  rate 
and  a  time-independent,  constant  friction  coefficient  (not 
necessarily  minimized)  are  essential  to  this  application.  A 
screening  implantation  program  with  single  or  multiple  implants 
has  been  carried  out  on  hard  chromium  layers  which  had 
galvanically  been  deposited  on  steel  cylinders.  Experimental 
procedure,  equipment,  and  post-implantation  analysis  methods  are 
described.  The  evaluation  of  friction  and  wear  shows  a  clear 
improvement  after  most  ion  beam  treatments.  Its  relative  degree  is 
dependent  on  the  wear  conditions  and  the  ion  species.  For  the  wear 
couple  of  Ti02~pigmented  polyester  yarn  against  chromium  under 
abrasive/corrosive  conditions,  very  high  gain  factors  in  wear  (up 
to  52)  are  found.  It  is  also  demonstrated  that  a  desired 
combination  between  time-dependent  change  of  friction  coefficient 
and  specific  wear  rate  can  be  adjusted  by  proper  selection  of  the 
ion  beam  process. 


G-3 


ION  IMPLANTATION  IN  WC-Co  :  ANALYSIS  OF  TREATED  SURFACES  AND 
TESTING  OF  INDUSTRIAL  TOOLS  * 

L.  Guzman,  L.  Ciaghi,  F.  Giacomozzi,  E.  Voltolini 

Istituto  per  la  Ricerca  Scientifica  e  Tecnologica 
38050  Povo  (Trento),  Italy 

and 

G.  Dearnaley,  P.  Gardner,  A.  Peacock 
AERE,  Harwell,  0X11  ORA,  England 


Conventional  microhardness  and  indentation  (scratch)  testing 
has  been  conducted  on  cemented  tungsten  carbide  samples 
implanted  with  nitrogen  ions  at  90  keV  as  a  function  of  ion 
dose  and  sample  temperature  during  implantation-  The  main 
results  obtained  are: 

<i)  N  -implantation  can  increase  the  surface  hardness  up  to 
40 

<ii)  the  optimum  dose  lies  between  1  and  3  E  17  atoms/cm2  for 
the  different  grades  evaluated  and  an  excess  dose  can  cause 
softening; 

(iii)  there  is  little  variation  with  Implantation  temperature 
of  the  hardening  effect  between  140  C  and  400  C,  no  hardening 
is  observed  at  550  C,  with  a  reduced  hardness  increase 
obtained  at  70  C. 

A  programme  of  industrial  trials,  considering  several 
different  applications  of  NC-Co  tools,  has  been  commenced.  In 
particular,  field  tests  of  drills  and  routers  were  conducted 
by  a  company  specialising  in  computer-controlled  drilling  and 
cutting  out  of  glass  fiber/epoxy  printed  circuit  boards- 
Preliminary  results  will  be  reported,  together  with 
microanalysis  of  the  treated  surfaces- 


<*)  The  following  industrial  partners  are  involved  in  the 
research:  C-S-T.  Circuiti  Stampati,  Trento;  GKN  BOUND  BROOK 
Italia,  Brunico;  ACCIAIEPIA  DI  BOLZANO;  PIRELLI  Cord 
Metallico,  Figline  Valdarno;  SANDVIK  Hard  Materials,  Coventry. 
U-K-;  TECVAC ,  Cambridge,  UK. 
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A  UNIVERSAL  HIGH  CURRENT  IMPLANTER 
FOR  SURFACE  MODIFICATION  OF  MATERIALS 

by 

B.R.  Nielsen,  P.  Abrahansen,  and  S.  Eriksen 
Danfysik  A/S 

DK-4040  Jyllinge,  Denmark 


ABSTRACT 


A  new  high  current  implanter  dedicated  for  surface 
modification  of  materials  has  been  developed  and  is  now  in 
operation  at  the  Danish  Tribology  Centre*  in  Aarhus, 
Denmark.  The  implanter  contains  a  high  current  multipole- 
reflex-discharge  ion  source,  "CHORDIS",  and  produces  mass 
analysed  beam  currents  in  the  5  -  10  mA  range  at  energies  up 
to  200  keV.  A  versatile  ion  beam  focussing  system  combined 
with  a  two  dimensional  magnetic  beam  scanning  offers  high 
flexibility  in  shaping  of  the  implantation  area  (up  to  40  x 
40  cnr)  and  control  of  local  current  densities.  The  large 
target  chamber  contains  a  remote  controlled  water  cooled 
sample  manipulator  with  one  linear  and  two  rotational 
movements.  Continuous  sample  and  temperature  monitoring  and 
interlock  prevents  overheating  of  surfaces  during 
implantation. 

The  .paper  describes  the  general  design  of  the  implanter  as 
well  as  ion  beam  performance  and  operational  experience  from 
implantations  of  "industrial"  samples. 


*  (a  collaboration  between  Jutland  Technological  Institute, 
Institute  of  Physics,  Aarhus  University,  and  Danfysik  A/S) 
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PLASMA  SOURCE  ION  IMPLANTATION, 

A  NEW  APPROACH  TO  ION  BEAM  MODIFICATION  OF  MATERIALS 
by 

John  R.  Conrad 

Dept,  of  Nuclear  Engineering  and  Engineering  Physics 
University  of  Wisconsin 

Surface  modification  by  ion  bombardment  is  a  veil  established  technique  for 
improving  the  hardness,  friction,  wear  resistance  and  corrosion  resistance 
of  materials.  Surface  modification  of  materials  by  conventional  ion 
implantation  is  a  line-of-sight  process  in  which  a  directed  beam  of 
energetic  ions  is  rastered  across  a  target.  If  the  target  is  three 
dimensional,  the  process  generally  requires  target  manipulation  to  achieve 
implantation  of  all  sides  of  the  object.  This  target  manipulation 
requirement  can  seriously  limit  the  cost  effectiveness  of  ion  implantation 
relative  to  more  conventional  surface  treatments,  especially  for  large 
and/or  heavy  targets.  We  are  developing  a  new  technique1,  Plasma  Source 
Ion  Implantation  (PSII),  which  circumvents  the  line-of-sight  restriction  of 
conventional  ion  implantation.  In  PSII,  targets  to  be  implanted  are  placed 
directly  in  a  plasma  source  chamber  and  are  then  pulse-biased  to  high 
negative  voltage  (10-100  kilovolts  in  our  experiments).  A  thick,  ion 
matrix  sheath2  forms  around  the  target,  and  ions  accelerate  through  the 
sheath  drop  and  bombard  the  target  from  all  sides  simultaneously  without 
the  necessity  of  target  manipulation.  Although  the  PSII  process  bears 
superficial  resemblance  to  existing  techniques  such  as  "ion  plating",  "ion 
coating",  or  "plasma  nitriding",  PSII  produces  a  deposition  profile 
characteristic  of  high  energy  ion  implantation.  Our  experiments  have 
demonstrated  that  PSII:  (1)  efficiently  implants  ions  to  the  concentrations 
and  depths  required  for  surface  modification,  (2)  produces  material  with 
improved  microhardness  and  wear  properties,  and  (3)  dramatically  improves 
the  life  of  manufacturing  tools  in  actual  industrial  applications.  For 
example,  in  recent  industrial  field  tests  the  tool  life  of  M-2  pierce 
punches  used  to  produce  holes  in  mild  steel  plate  has  been  increased  by  a 
factor  of  70-80.  This  talk  will  present  the  latest  results  from  a  series 
of  ongoing  field  tests,  recent  extensions  of  the  technique  to  ion  beam 
mixing  and  ion  beam  enhanced  deposition  modes  of  operation,  and  a 
discussion  of  the  comparative  economics  of  surface  modification  by  PSII 
relative  to  conventional  ion  implantation. 

1.  J.  R.  Conrad,  J.  L.  Radtke,  R.  A.  Dodd,  F.  J.  Worzala,  and  N.  C.  Tran, 

J.  Appl .  Phys.  62,  4591  (1987). 

2.  J.  R.  Conrad,  J.  Appl.  Phys.  62,  777  (1987). 

*  Supported  by  NSF  Contract  ECS-8314488 
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A  newly  developed  linear  ion  iroplanter 
for  industrial  applications 


by 

H.  Ranke,  St.  Reineck,  F.  J.  Kttrber 
Leybold  AG,  Wilhelm-Rohn-StraBe  25,  6450  Hanau 
West  Germany 


ABSTRACT 

In  the  paper  presented  the  special  design  of  an  ion  implanter 
for  industrial  use  is  described.  The  ion  source  is  a  special 
development  and  is  based  on  high  frequency  electrodeless  plasma 
generation.  With  a  slit  formed  three  electrode  systems  a  line 
shaped  ion  beam  with  a  transverse  length  of  30  cm  can  be  ex¬ 
tracted  and  accelerated.  Because  of  the  special  design  of  the 
ion  source  and  power  coupling  the  gas  pressure  in  the  source 
can  be  prominently  reduced  which  proves  to  be  advantageous  with 
regard  to  the  residual  gas  pressure  in  the  process  chamber.  Be¬ 
cause  of  the  linear  arrangement  of  the  extraction  system,  the 
ion  implanter  is  designed  for  continuous  processing  large  area 
surfaces,  such  as  foils,  metal  plates  or  a  larger  number  smal¬ 
ler  parts.  Actually  the  maximum  ion  beam  current  amounts  to  20 
mA  at  150  kV.  In  the  scope  of  the  presentation,  first  results 
will  be  discussed. 
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HIGH  CURRENT  METAL  ION  BEAMS  WITH  ENERGIES  UP  TO  *5  KEV/U 


by 


H.Emig,  D.RUck,  P.Spadtke,  and  B.H.Wolf 
GSI,  Gesellaehaft  filr  Schwerionenforaehung  mbH 
Poatfach  11  05  52,  D-6100  Darmstadt,  FRG 


and 


B.  Torp 

Danfyaik  AIS,  Jyllinge,  Denmark 


ABSTRACT 


The  high  current  Ion  aource  CHORDIS*  is  intended  to  generate  dc  and 
pulsed  beams  of  at  least  any  element  with  mA-intensltlea .  Beside  gas  and 
oven  versions  of  this  ion  source,  a  sputter  version  has  been  developed  and 
Investigated  with  titanium,  copper,  molybdenum,  and  tantalum  electrodes. 
Stable  beams  of  these  metals  can  be  extracted  from  the  source  for  several 
hours . 

The  CHORDIS  source  la  used  at  GSI  at  a  50  kV  test  bench  and  at  the  300 
kV  teat  accelerator.  At  the  second  beam  line  of  the  test  accelerator,  a 
RFQ-postaccelerator  (radio  frequency  quadrupole)  is  installed  which 
accelerates  mA  ion  beams  up  to  45  keV/u  parameters  of  the  different  beam 
lines  availble  at  GSI  for  implantation  experiments  are  summarized.  With 
this  equipment  high  dose  implantation  of  heavy  ions  in  depths  of  ~  uni  is 
possible.  Experiments  by  external  research  groups  started  in  1987. 


+  Lit  R.  Keller  et  al . ,  Vacuum  36,  833  (1986) 
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An  Investigation  on  Plasma  Assisted  Plating 
System  for  Thin  Flla  Engineering 


Z.B.  HUI 

Department  of  Instrument 
W.Y.  DING 

Research  Center  of  Development 

Shanghai  Institute  of  Mechanical  Engineering  (SIME) 
Shanghai  200093,  PR.  China 


ABSTRACT 

A  new  arrangement  used  for  plasma  assisted  vapor  deposition  pro¬ 
cesses  has  been  developed.  It  can  combine  with  any  evaporations  such 
as  resistive  heating,  flash  evaporation,  arc  evaporation,  rf  or 
induction  heating.  In  the  case  of  a  negative  substrate  bias,  the 
substrate  is '  continuously  bombarded  by  ions  extracted  from  plasma. 
The  plating  material  was  heated  and  evaporated  by  an  eletron  beam. 
Vapor  of  the  material  was  intensively  ionized  in  the  plasma  region. 
The  layers  of  metals,  alloys  and  composition  are  deposited  on  silica 
glass,  steel,  S.S.  in  Ar  and  Nj  or  CH^.  The  filament  of  ion  source 

is  made  of  LaBg.  So  the  thermionic  emitting  of  electron  was  intensified 

at  the  low  pressure  and  the  properties  of  ion  plated  coatings  can  be 
Improved  by  increasing  the  specimen  ion  current  density  and  operating 
at  low  deposition  pressure.  The  uniformity  of  thickness  can  be  Improved 
by  using  a  target  of  different  potential.  The  arrangement  can  also 
be  used  for  plasma  sputtering  by  an  unbalance  magnetron. 
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The  use  of  cross-sectionat  transmission  electron  microscopy 

-  XTEM  - 

for  depth  selective  microstructural  analysis  of  implanted  metals. 


E.  Gerritsen,  H.A.A.  Keetels. 

Philips  Research  Laboratories  -  P.O.Box  80000  -  5600  JA  Eindhoven. 

The  Netherlands. 

E  Johnson 

H.C.  Orsted  Institute  -  Universitetsparken  5  -  DK  2100  Copenhagen 

Denmark. 


A  technique  has  been  developed  for  preparing  cross-sectional  TEM 
samples  of  implanted  metal  surfaces.  Unlike  conventional  TEM,  which 
makes  use  of  samples  parallel  to  the  implanted  surface,  this 
XTEM-technique  permits  a  depth  selective  microstructural  study  over 
the  entire  range  of  the  implanted  ions. 

A  striking  observation  by  XTEM  on  implanted  surfaces  of  copper  and 
stainless  steel  is  the  occurence  of  a  deep  damage  layer  at  depths  Rd  much 
larger  than  the  calculated  LSS  ion  range  Rp . 

The  ratio  Rd  /Rp  is  found  to  be  dependent  on: 

1.  The  crystallographic  orientation  of  the  ion  beam.  In  copper  im¬ 
planted  with  170  keV  A!  ions  Rd  /Rp  can  be  as  large  as  10  for  im¬ 
plantations  along  a  (I  !0)-axis,  whereas  this  value  is  still  about  5  for 
off-axis  (random)  implantations. 

2.  The  energy  Eq  of  the  ':ons.  For  implantations  along  a  (llO)-axis  R<j 
is  found  to  increase  as  the  square  root  of  the  energy. 

3.  The  ratio  Sn  /Se  of  nuclear  and  electronic  stopping  powers.  Rd  /Rp 
increases  with  increasing  value  of  Sn  /Se . 

From  these  observations  it  is  concluded  that  the  damage  range  Rd  is 
determined  by  the  range  of  channeled  ions.  Channeling  can  be  reduced 
but  not  avoided  by  random  orientation  of  the  ion  beam.  This  is  con¬ 
firmed  by  simulations  using  the  computer  code  MARLOWE,  which 
takes  channeling  into  account. 

The  effect  of  increasing  ion  dose  on  the  damage  range  indicates  that  the 
large  compressive  stress  in  the  lop  layer  is  a  driving  force  for  the  for¬ 
mation  of  the  deep  damage. 

XTEM  on  noble  gas  implanted  stainless  steel  reveals  a  layer  of  gas 
bubbles.  The  extremely  high  pressure  in  these  bubbles  induces  an  fee  -  > 
bcc  phase  tranformation  in  the  surface  layer  as  observed  by  Mossbauer 
spectroscopy,  RBS/channeling  and  XTEM.  The  thickness  of  this 
martensite  layer  again  corresponds  to  the  range  of  channeled  ions  as 
determined  by  MARLOWE  simulation. 

* **+«#+*+***** 
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HIGH  CURRENT  DENSITY,  BROAD  BEAM  ION  IMPLANTATION 

by 

Paul  J.  Wilbur,  Wei  Ronghua  and  W.S.  Sampath 


Department  of  Mechanical  Engineering 
Colorado  State  Univeristy 
Fort  Collins,  Colorado  80523 
USA 


The  capabilities  and  operating  characteristics  of  the  broad  beam 
(10  cm  die),  high  current  density  (up  to  1500  pA/cm *)  gaseous  ion 
lmplanter  designed  and  built  at  Colorado  State  University  will  be 
described  briefly.  Data  showing  that  large  surfaces  can  be  Implanted 
with  nitrogen  at  current  densities  over  100  times  those  associated 
with  typical  commercial  implanters  to  produce  high  quality  implanted 
layers  without  inducing  detrimental  effects  on  typical  subsurface  bulk 
materials  will  be  presented.  Definitive  evidence,  obtained  using  a 
unique  oscillating  pin-on- rotating  disc  wear  tester,  that  Implanted 
nitrogen  does  not  migrate  significantly  when  it  is  subjected  to 
typical  sliding  wear  conditions  will  be  presented.  Comparative  wear 
data  obtained  using  a  stationary  pln-on-rotatlng  disc  machine  will  be 
used  to  shov  why  data  obtained  using  this  conventional  wear  test 
equipment  erroneously  suggests  that  nitrogen  migrates  during  the  wear 
process.  Preliminary  performance  data  obtained  on  the  broad  beam, 
high  current  density  metal  ion  lmplanter  currently  under  development 
will  be  presented. 
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A  NEW  MACHINE  FOR  COMBINED  PHYSICAL  VAPOR  DEPOSITION 
AND  ION  IMPLANTATION  OF  THIN  FILMS 


L-  Guzman.  B-  Margesin.  V-  Zanini  and  C-  Cestari 
Istituto  per  la  Ricerca  Scientifica  e  Tecnologica 
38050  Povo,  Trento,  Italy 


In  this  paper  the  design  and  preliminary  performance  data  of  a 
new  machine  which  allows  the  formation  of  complex  ion  beam 
assisted  coatings  are  described- 

The  apparatus  consists  of  a  Duoplasmatron  ion  source.  a  mass 
analyzer,  a  target  chamber  adaptable  for  use  with  various  samples 
up  to  10  cm  in  diameter,  and  a  2  crucible  electron  gun  evaporator 
equipped  with  film  thickness  monitor-  It  was  conceived  with  a 
high  degree  of  process  automat  ion- 

The  hybrid  technique  combines  some  of  the  better  features  of  both 
deposition,  co-deposition  and  implantation  to  produce  surface 
alloy  layers  with  a  high  control  of  microstructure  and 
properties-  Homogeneity  of  the  formed  films  and  their  adherence 
to  the  substrate  are  highly  improved  with  respect  to  those  of 
samples  obtained  by  conventional  implantation  or  deposition 
alone. 


163 


AUJT1HIOE  INEDEX 


165 


AAEN  ANDERSEN,  L-U. 
ABRAHAMSEN,  P. 
ALEXANDER,  D.E. 
AMARAL,  L. 

ANDERSEN,  H.H. 
ARMINI,  A.J. 
ARZUBOV,  N.M. 
AUGULIS,  L. 

BABA,  Y. 

BABAJANOV,  R.D. 
BALLHAUSE,  P. 
BARTOS,  A. 
BATTAGLIN,  G. 
BAUMWOL,  I.J.R. 
BEHAR,  M. 

BENNETT,  M.J. 
BENYAGOUB,  A. 
BEREZA,  V.V. 

BISHOP,  H.E. 

BODART,  F. 

BOHR,  J. 

BOLSE,  W. 

BONORA,  P.L. 
BOTTIGER,  J. 
BRENIER,  R. 
BUCHGEISTER,  M. 
BUDINAVICIUS,  J.P. 
BUKSHPAN,  S. 

BUNKER,  S.N. 

CALL  I AR  I,  L. 

CARTER,  W.B. 
CAVALLERI,  A. 
CHABROL,  C. 
CHAMBERS,  G.P. 
CHECHENIN,  N. 
CHERNYSH,  V.S. 
CHIVERS,  D.J. 

CHOPRA,  K.L. 

CIAGHI,  L. 

CONRAD,  J.R. 

COONEY,  E.C. 

CORNO,  J. 

CROUSIER,  J.P. 

CUI,  F-Z. 

CUOMO,  J.J. 

DANIELOU,  R. 

DAPOR,  M. 

DAUDIN,  B. 

DE  WIT,  J.H.W. 

D EARN ALE Y,  G. 
DELAFOND,  J. 

DELAGE,  J. 

DENANOT,  M.F. 

DEZSI,  I. 

DIDENKO,  A.N. 

DING,  W.Y. 


B-4 
G-4 
C-24 
A-4 
A- 6 

A-IO,  C-20 

C-17 

A-12 

D-7 

C-19 

C-18 

E-3 

B-5 

B-3 

A-4 

E-4,  E-7,  E-23 

B-6 

E-19 

E-23 

A-2,  E-14 
A- 6 
E-3 

E-19,  E-22 

B-4 

D-ll 

B-15,  B-16 
D-2 
B-12 
A-10 

E-20,  E-21 

D-3 

D-10 

D-8 

D-12 

A- 11 

A-13 

E-7 

C-26 

G-3 

G-5 

E-15 

D-9 

E-22 

A-7,  C-2 

D-6 

B-6 

B-17,  D-10,  E-9 

C-16 

E-4 

E-23,  G-3 
C-29,  D-8 
B-8 

B-10,  D-8 
F-7 
C-17 
G-8 


DIONISIO,  P.H. 
DOLIZY, P . 
DYRBYE,  K. 
EGNER,  B. 

ELENA,  M. 
ELFENTHAL,  L. 
ELKHAKANI,  M.A. 
EMIG,  H. 
EMIRALIEV,  V.P. 
ENSINGER,  W. 
ERIK SEN,  S . 

FAN,  X. 
FAYEULLE,  S. 
FINK,  D. 
FEDRIZZI,  L. 
FINE,  J. 
FONTENILLE,  J. 
FUHI JANA,  T. 
FUKUSHIMA,  M. 
FUKUTANI,  K. 
FROSTERI,  F. 
GARDNER,  P . 
GAREM,  H. 
GAWLIK,  G. 
GEERK,  J. 
GEORGE,  P.J. 
GERRITSEN,  E. 
GIACOMOZZI,  F. 
GIALANELLA,  S. 
GIORDANO,  N. 
GIRARDI,  S. 
GOGAWALE,  S.V. 
GONSER,  U. 
GRAABAEK,  L. 
GRANT,  W.A. 
GRATTON,  L. 
GROLIERE,  F. 
GRUMMON,  D.S. 
GUANGJUN,  C. 

GUO,  H. 

GUTTMANN,  V. 
GUZMAN,  L. 
HAGINOYA,  M. 
HAMPIKIAN,  J.M. 
HASHIMOTO,  I. 
HAYASHI,  K. 
HERMAN 
HILLER,  W. 
HIRVONEN,  J.K. 
HOCHMAN,  R.F. 
HOLWILL,  R.J. 
HOU,  P.Y. 
HOULTON,  M.R. 
HUANG,  P. 

HUBLEP,  G.K. 

HUI ,  Z.B. 

IACONA,  F. 

ISAEV,  G.P. 
ISAKOV,  I.F. 


B-3 

F-5 

B-4 

B-ll 

E-9,  E-22 
E-5 
A- 8 
G-7 
C-19 

E-l,  E-8 
G-4 

E-17,  F-10 
C-13 
A- 3 

E-9,  E-19,  E-22 

D-12,  D-I 3 

B-6 

C-25 

D-4 

C-3 

E-18 

G-3 

C-23 

C-22 

B-ll 

E-23 

G-9 

D-10,  G-3 

E-9,  E-21 

E-18 

D-10 

B-17 

C-l 

A- 6 

C-8 

B-18 

F-5 

C-5 

B-14 

E-17,  F-10 
E-4 

B-17, C-l, E-9, E-19, E-20, 

D-4 

E-12 

D-4 

C-3 

A-0 

B-15,  B-16 
G-l 

C-28,  D-3 

F-l 

E-2 

E-7 

C-28 

D-l,  E-6 

G-8 

E-18 

C-17 

C-30 


-21, G-3 


168 


IWAKi,  M. 

jaffkezic,  H. 

JAGIKLSKI ,  J. 
JAIN,  A. 

JAIN,  A.K. 
JANOVSKII,  V.P. 
JASIULIONIS,  B. 

'  JEFFRIES,  R.A. 

JENSEN,  H. 
JOHANSEN,  A. 
JOHNSON,  E. 
JONES,  J.W. 

JUN,  L. 

KEETELS,  H.A.A. 
KEHREL,  A, 

KELLY,  R. 

KEUNE,  W. 

KIDD,  F.W. 
KITTAKA,  H. 
KLUGE,  A. 

KOBS,  K. 

KOCH,  C.H. 
KOERBER,  F.J. 
KOIKE,  H. 
KOPITZKI,  K. 
KOTHARI,  D.C. 
KOVACH,  C. 

KOZLOV,  E.V. 
KULDEEP 
KURAKIN,  I.B. 
KUSHNARENKO,  V.P. 
LABUNOV,  V.  A. 
LANGGUTH,  K. 
LANGOUCHE,  G. 

LEE,  N.L. 
LEUTENECKER,  R. 
LI,  H-D. 

LI,  H.C. 

LI,  W-Z. 

LICCIARDELLO,  A. 
LIEB,  K.P. 
LIGACHEV,  A.E. 
LIGEON,  E. 

LINKER,  G. 

LO  RUSSO,  S. 
LOHMANN,  W. 

LOUIS,  T. 

LUCAS,  S. 

LUNARSKI,  J. 

LUND,  B.M. 

LUYCKX,  s.b. 
marchetti,  f. 

MAREST,  G. 

MARTIN,  P. 

MARTON,  D . 
MASSIANI,  Y. 
MASSING,  S. 
MATSUSHIMA,  T. 
MATSUZAWA,  N. 


B-9,  C-ll,  C-25,  F-4,  F-6,  F-9 

A- 8 

C-22 

C-26 

F-8 

C-19 

A-I2 

C-7 

E-14 

A-6,  A- 11,  A-13 

A-6,  A-ll,  A-13,  G-9 

C-5,  C-24 

E-13 

G-9 

A- 9 

A- 5 

B-18 

F-3 

C-3 

C-10 

C-10 

B-l 

G-6 

F-9 

B-15,  B-16 

B-17,  E-20,  E-21 

C-24 

C-17 

F-8 

C-30 

C-30 

F-12 

C-10 

F-7 

E-15 

C-l 

A-7 

B-ll 

A-7 

E-18 

A-9,  E-3 
C-17,  C-30 
B-6 

B-7,  B-ll 

B-5,  B-18 

G-2 

C-l 

E-14 

C-22 

C-15 

E-ll 

D-10 

A-4 ,  A- 8 
C-l  6 

D-12,  D-13 

E-22 

B-7 

C-27 

C-25 


169 


MAZZOLDI,  P. 

A-l 

MC  CAFFERTY,  E. 

E-6 

HC  HARGUE,  C.J. 

C-4 

MERTLER,  G. 

B-15 

MEYER,  0 . 

B-ll,  E-5 

MIKKELSEN,  N.J. 

C-6,  C-15 

MIOTELLO,  A. 

A-l 

MOINE,  P. 

B-8,  B-10, 

MO LINAR I ,  A. 

C-l 

MOLLER,  W. 

A- 2 

MONCOFFRE,  N. 

A- 8 

MORRISON,  D.J. 

C-5,  C-24 

MORRISON,  J.A. 

C-20 

NAKASHIMA,  S. 

D-4 

NARSALE,  A.M. 

B-17,  F-8 

NATISHAN,  P.M. 

E-6 

NESMELOV,  A.  V. 

C-30 

NESTERENKO,  V.P. 

C-30 

NEVOT,  L. 

D-9 

NIELSEN,  B.R. 

G-4 

NIKONOVA,  I.V. 

C-17 

NORTON,  J.F. 

E-4 

ODEURS,  J. 

B-12 

OECHSNER,  R. 

C-10 

OHIRA,  S. 

F-4,  F-6 

OKABE,  Y. 

B-9,  C-25 

OPEKUNOV,  M.S. 

C-30 

OSSI,  P.M. 

B-2 

OTTAVIANI ,  G, 

F-2 

PAMPUS,  K 

B-4 

PARDO,  B. 

D-9 

PARELLADA,  J. 

B-18 

PARKHUTIK,  V.P. 

F-12 

PARMALIANA,  A. 

E-18 

PARSHUTIN,  V.V, 

E-19 

PASZTI,  F. 

B-13 

PATTYN,  H. 

B-12 

PATU,  S. 

C-9 

PAWAR,  P.S. 

B-17 

PEACOCK,  A. 

G-3 

PEINER,  E. 

B-15,  B-16 

PEREZ,  A. 

D-ll 

PIETTE,  M. 

A- 2 

PIGNATARO,  S. 

E-18 

PIMBERT,  S. 

C-29 

PIMBERT-MICHAUX,  S. 

D-8 

PIVIN,  J.C. 

C-14 

PODGORSKI,  A. 

C-22 

POGREBNJAK,  A.D . 

C-19,  C-30 

PONS,  F. 

B-6 

POPOOLA,  O. 

B-8,  B-10 

POTTER,  D.I. 

B-l,  E-12, 

POULSEN,  R. 

B-4 

POZELA,  I . 

A-l  2 

PRANEVICIUS ,  L. 

A- 12,  D-2 

PRINCIPI,  G. 

B-5,  B-18 

PROCTER,  R.P.M. 

C-8 

PROVENZANO,  V. 

E-l  6 

PUSHKAREVA,  G.V. 

C-17 

-23 


D-5 

B-15 


170 


RAMOS,  S.M.M. 

RANGWALA,  A. A. 

RANKE,  H. 

RAOLE,  P.M. 

RAUD,  S, 

RE  I NECK,  S. 

REMMEL,  J. 

REMNEV,  G . E . 

RINGAS,  C. 

RIVIERE,  J.P. 

RIVORY,  J. 

RJABCHIKOV,  A. I. 
ROBINSON,  F.P.A. 
RONGHUA,  W. 

RUAULT,  M.O. 

RUECK,  D. 

RUEN,  W. 

RYSSEL,  H. 

SAITO,  K. 

SAKUDO,  N, 

SALVI,  V.P. 

SAMPATH,  W.S. 
SARHOLT-KRISTENSEN,  L. 
SARIS,  F.W. 

SARITAS,  S. 

SARRAZIN  ,  C. 

SASAKI,  T.A. 
SCAPELLATO,  N. 

SCARDI,  P. 

SCHMIDT,  L.M. 
SCHREINER,  M.H. 
SCHULTZE,  J.W. 

SEIDEL,  A. 

SEKI,  T. 

SELLSCHOP,  J.P.F. 

S KABANOV,  N.I. 
SHARKEEV,  Y.P. 
SHRIVASTAVA,  S . 

SINGER,  I.L. 

SORENSEN,  G. 

SPAEDTKE,  P. 

STEELE,  J.K. 

STREHLAU,  B. 

STRINGER,  J. 

STROOSNI JDER,  M.F. 
SUGASAWA,  T. 

SOGIYAMA,  K. 
TAKAHASHI,  K. 
TAMULEVICIUS,  S.J. 
TAREY,  R.D. 

TEIXEIRA,  S.R. 
TERAKADO,  K. 

TERWAGNE ,  G . 
THEVENARD,  P. 

THOME',  L. 

TIAN,  C. 

TOKIGUCHI,  K. 

TOMASI,  A. 

TORP,  B. 


A- 4 
F-8 
G-6 

B  - 1 7 ,  1-21 

C-23 

G-6 

B-ll 

C-19,  C-30,  D-5 

E-10,  E-ll 

C-29 

D-l  1 

C-17 

E-10,  E-ll 

G-10 

C-14 

G-7 

E-13 

C-10 

C-27 

F-9 

F-8 

G-10 

A-6,  A-ll,  A- 13 

C-2 

C-8 

C-29 

D-7 

A- 9 

E-20 

C-15 

B-3 

E-5 

B-7 

F-9 

E-ll 

C-30 

C-17 

C-2  6 

C-7 ,  C-13 

C-6,  C-15,  E-14 

G-7 

B-l 

B-7,  B-ll 

E-2 

E-4 

C-25 

C-3 

B-9 

D-2 

C-26 

B-3 

D-4 

A-2 

D-l  1 

B-6 

F- 10 

F-9 

E-20,  E-21 
G-7 


171 


TOSELLO,  C. 

B-18 

TOUSSET,  J. 

A—  8 

TRAVERSE,  A. 

D-9 

treilleux,  m. 

D-1I 

TUSON,  A. T . 

E-7 

UHRMACHER,  m. 

A-9,  E-3 

ukhanov,  v.s. 

C-30 

VAN  VALKENHOEF,  J.G.P. 

G-2 

vantomme,  A. 

F-7 

VASCONCELLOS,  M.Z. 

B-3 

VASQUEZ,  A. 

A- 4 

VIDWANS,  S.V. 

F-8 

VILLAIN,  J.P. 

B-8,  C-23 

VOLTOLINI,  E. 

E-20,  G-3 

VON  STEBUT,  J. 

C-29 

VOSYLIUS,  J.J. 

D-2 

VREDENBER,  a.m. 

C-2 

WAGNER,  G. 

C-I 

WANG,  S. 

F-10 

WANG,  Z.G. 

C-9 

WAS,  G.S. 

C-5,  C-24 

WEI,  T. 

E-13 

WEIPING,  C. 

E-13 

WEIST,  C. 

C-18 

WESCHENFELDER,  F. 

B-ll 

WILBUR,  P.J. 

G-10 

WOLF,  B.H. 

G-7 

WOLF,  G.K. 

C-18,  E-l, 

WU,  M.F. 

F-7 

XIONG,  G.C. 

B-ll 

XU,  M.H. 

C-9 

XU,  S.R. 

F-ll 

YI,  L. 

A- 7 

YU,  Q-H. 

E-17,  F-10 

YUANRO,  C. 

B-14 

ZAWISLAK,  F.C. 

A- 4 

ZHANG,  G-L. 

B-14,  C-12 

ZHANG,  Y. 

F-ll 

ZHENG,  P. 

C-14 

ZHUQING,  J. 

B-14 

ZIELECKI,  W. 

C-22 

E-8 


172 


